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3.2.2 SAmple Containers, Preservation Technologies, BoldingTimes
Sample containers, preservation techniques And holding times
will be as shown in Table 1 of this document. This" tAble has
been modified from one included in Exhibit C of US EPA Region
II CERCLA Quality Assurance Manual (Reference 3). The
revisions are the deletion of Dioxin, the increase of holding
time for Aqueous extrActAble orgAnics to 7 dAYS to Allow for
shipping from Puerto Rico to North Carolina, the preservation
of soil samples at 40C (cool), and the decrease of holding
time for volatile organics in soil to 7 days. The validity
of samples which exceed the goals by any length of time will
be determined by the Radian and prime contractor (Golder)
che~ists in conjunction with US EPA Region lIon a case by
case bASis.

Sample containers will be cleAned to "300 series
specificAtions. It may be necessAry to rinse the outer
portion of sAmple containers with deionized water prior to
packaging for shipment. The lAtest Department of
Transportation procedures for shipment: of environmental
samples will be used in All cases. The quantity of acids or
bases added as preservatives will not exceed 0.15 percent by
weight And the samples will not be shipped as corrosives.

3.2.3 Samplin9 Blanks and Duplicate.
o Trip blanks will be 40 ml VOA vials with Teflon septa

lid.. The vial. will be filled with analyte-free or
BPLC grade water at the laboratory and accoapany the
bottles from the laboratory, into the field and back to
the laboratory. Trip blank. will be taken when aqueous
samples are analyzed for volatile.. The trip blank.
will be taken at a frequency of one per day per aqueous
matrix "~~ on.-per- shipmwnt, which.v.r i. acre frequent.
Trip blanks-"wll-r""beAnalyiea"-"for the vo""lati-le-orCJA"n'1c-":"--=:~"""
compounds for which inv.itigAtive sample. are" being
analyzed at a frequency of at least one "per aqueous
matrix per week or per .ampling event, w~icheverfrequency is greater.

Go.., AuocletH
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3.0 RADIAN LABORATORY OA PROGRAM PLAN
3.1 Scope of Plan
The R.adian Plan (Appendix A), when read in'conjunction with
Section 3 of this document and the CLP SOW's (References 1

and 2) provide for field instrument maintenance/calibration
and laboratory OA for all aspects of the work. In addition,
the production of analyte-free :water is described in an SOP
included at the back of the Radian.OA plan. Due to confiden-
tiality reasons, only parts of this procedure have been
reproduced. The whole procedure will be made available to EPA
on request. This section describes how the Radian Plan is
used for the two OA programs.

3.2: RFA OA
The Radian Plan, in conjunction with the letter from Radian
dated July 29, 1988 (included in Appendix A), the CLP SOW's
(References land 2) and the following constitute the RFA/OA.
The requirements of the CLP SOW take precedence over the
Radian Plan.

3.2.1 Applicability and Methodologi.s .
The RFA OA will apply to all soil samples (aee References 6
·and 7) obtained for the RFA and the baseline monitoring
sampling for the Priority Pollutant parameter., plus 40 peak.
listed in Appendix A of the Groundwater Monitoring Plan (••e
Reference 8). Analy.i. will be by ·CLP ••thodologie.. Tho••
analyte. which are not on the TeL/TAL li.t. are amenable to
CLP procedure ••

.-~..- ---.- ..- .. --:----- --
••
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Field and laboratory equipment preventative maintenance is
included in Section 11.0 of the ESE Plan. Golder ASSociates
may use these methods for·field equipment but expect to use
the methods listed in Appendix E.

2.3.13 Miscellaneous

Procedure. used to Assess dAtA preCision, accuracy And:'
completeness and OA corrective action protocols are noted in
Sections 12.0 and 13.0.of the ESE Plan. Responsibility to
carry out these procedures will rest with ESE for laboratory
tasks and with the prime contractor for field relAted tAsks.
The prime contrActor (Go~der) will Also provide overview of
.all-the elements of the OA Plan •

..~
-L
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2.3.9 Data Reduction, Validation and Reporting
The standard deliverable that is required from the laboratory.
will contain the sample number, laboratory sample identifica-
tion number, result, unit, detection limit, and the appropri-
ate laboratory qualifiers. Section 8.0 of the ESE Plan
governs the internal laboratory work for the MQA. All
potential analytical problems will be discussed with the
prime contractor (Golder) and a narrative will be sent to US
EPA as appropriate. Data will be transferred from the
laboratory to the prime contractor (Golder) by disk where it
will be incorporated i"nto a relational and/or flat file
database. The data will be reported to US EPA in tabular form
with a narrative discussing the complete sampling and
ana~ysis event. Further information is included in Sections
8.0, 9.0 and 10.0 of the Groundwater Monitoring Plan
(Reference 8).

2.3.10 Internal Quality Control Checks
The internal OC checks which will be used by ESE to perform
the MOA analysis are discussed in Section 9.0 of the ESE
Plan.

2.3.11 PerformAnce and Systems Audits
Section 10.0 of the ESE plan discusses performAnce and system
audits. The pri.e contractor (Golder) will be responsible for
field operations and office work within their offices. ESE
will be responsible for laboratory operations and office work
within ESE. When Section 10.0 is read, the references toQA
Supervisor must be considered to apply to ESE and the
references to pri.e contractor aust be considered to apply to
Golder. Overall responsibility for OA remAins with the prime
contractor (Golder). o',

- .• ',--C'
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J
2.3.5 S.mple Container Cleaning Procedures

•
The sample containert will be cleaned. a. noted in Table 4.2
and paragraph 4.5.1 of the ESE Plan.

2.3.6 Sample Custody
The field custody procedures .re noted in the Groundwater
Monitoring Plan (Reference 8). The ch.in-of-cu.tody form to.
be used is that produced by US EPA Region II and is included
in Appendix C.

Laboratory sample custody and documentation is detailed in
Sections 5.2 and 5.4 of the ESE Plan.

2.3~7 Calibration Controls and Frequency
S.ction 6.0 of the ESE Plan .ddr..... field and laboratory
instrument c.libr.tion. Minor modific.tion of this .ection
has been performed by Golder A••ociat.. to .llow for the
actual field instruments to be u.ed .nd the r.moval of
reference to procedures which .re definit.ly out.ide the
scope of the project. The c.libration' of. the B.ch on.. pH
meter is includ.d in Appendix D.

2.3.8 Analytic.l Proc.dures
Section 7.0 of the ESE Plan .llow. for many diff.r.nt
.nalytic.l proc.dur ••• Table 2 li.t. the pr.f.rre4 .n.lytic.l
method. for e.ch· PAram.t.r. Any d.vi.tion from the origin.l
method will b. docum.nted and • n.rr.tive di.cu••ing the
r.mific.tion. of the ch.nge will be forw.rded to OS EPA in a
timely manner.

Golder AMoc"t ••
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2.3.3 Sample Containers, Preservation Techniques, Holding
Times

Tabl~ 4.1 of the ESE Plan lists the containers~ preservation
techniques and holding times t·hat would be used on water
samples analyzed by ESE as part of the MQA. ~

2.3.4 Sampling Blanks and Duplicates
o Trip blanks wii1 be 40 ml VOA vials'with Teflon septa

1ids. The vials wi11 be filled with analyte-free or
HPLC grade water at the laboratory and accompany the
bottles from the laboratory, into the field and back to
the laboratory. Trip blanks will be taken when aqueous
samples are analyzed for volatiles. The trip blanks
will be taken at a frequency of one per day per aqueous
matrix or one per shipment, whichever is more frequent•

•.Trip blanks will be analyzed for the volatile organic
compounds for which investigative samples are being
analyzed at a frequency of at least one per aqueous.
matrix per week or per sampling event, whichever
frequency is greater.

o Rinsate blanks will be obtained as specified in the
sampling plans.

o One duplicate will be obtained for every sampling
event.

o If a resampling is necessary, a sample may be split with
another commercial laboratory.

o Splits for use by the US EPA Region II will be obtained
as requested.

o Tables 4 and 5 list the types of samples by matrix.
o Table 6 lists additional samples and sampling blanks to

be taken during the field program as described in
Reference 8.

The above blanks and duplicates are considered adequate for
the proposed monitoring system as d.scribedin Reference 8.
This section will be revi~wed and appropriate revisions will
be made if any change in" the monitoring network is
implemented.

Go'H' AMOC'ltH
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2.2.11 Performance and System Audiis
• ;.

Section 10.0 of the ESE plan discusses performance and system"-audits. The prime contractor (Golder) will be responsible for
field operations and office work within their offices. ESE
will be responsible for laboratory operations and office work
within ESE. When Section 10.0 is read, the references to QA
Supervisor must be considered to apply to ESE and the
references to prime contractor must be considered to apply to
Golder. Overall responsibility forOA remains with the prime
contractor (Golder).

2.2.12 Preventative MAintenance
.Field and laboratory equiplient preventative maintenance is
inctuded in Section 11.0 of the ESE Plan. Golder Associates
may use these methods for field equipment but expect to 'use
the methods listed in Appendix E.

2.2.13 Miscellaneous
QA will !!2l be run by the batch method, but instead on.project specific samples as specified by CLP procedures.

2.3 Monitoring QA (MQA)
2.3.1 Applicability and Methodologies

The MQA will be used for all groundwater .oni toring except
the baseline monitoring sampling for Priority Pollutants, as
described in the Groundwater Monitoring Plan. The methods
used will be those stated in Table 2.

2.3.2 Sampling Procedures
The text of Section ••0 of the ESE Plan which Jrelates to
sampling procedures has been remov.d. Sampling procedures
have been discussed in the Groundwater Monitoring Plan
(Reference 8).

Go"" Auoclat_
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2.2.8 Analytical Procedures
/All analysis will be performed using CLP procedures as stated

in the CLPSOW's (Reference 1 and 2). Those anAlytes which
are not included on the TCL/TAL lists Are amenable to CLP
procedures.

2.2.9 DAta Reduction, ?alie.~ieft and Repotting
Deliverables from the laboratory will contain all the
elements of a CLP package but will not necessarily be
presented on the CLP forms. Data reduction afts ';J'alida.ti8A
will be.in accordance with CLP SOW's And will be reviewed by
both ESE And the prime c.or:ttractor(Golder). 6eleer will
¥aliaa,e sAe aata YaiR, 9& EPA, 'aaera'ery 9a'a ?alieaticft,
Pttftetieft.lGttieelifte. eer Eualwa,iR, Or,aAie. AAaly.i.
(Refereftee 4) aft.9& iPA Re,ieR II Eualwa'ieA ef Mesala ~asa
fer e.l'\eCefttraet aaaera'ery Pre,r•• (Refereftee 5)•.GiG .w••ary

Oata . ..A ••,.,I\results and Q narrat~ve w~ll be supplied to US EPA
Region II. Raw e.'. will ftC'ae ifteittded.

DatA will be transferred from the laboratory to the prime
contractor (Golder) by diskette where it will be incorporated
into a relational and/or flat file database. The data will be
reported to US EPA Region II in tabular form with a narrative
discussing the complete sampling and analysis event. Further
information i. included in the .oil· .ampling plan.
(Reference. 6 and 7) and in the Groundwater Monitoring Plan
(Reference 8).

2.2.10 Internal Quality Control Check.
The internal QC checks which will be used by ESE to perfor.
the RFA analysis are discussed 1n Section 9.0 of the ESE Plan

•and Exhibit E of the CLP SOW'•• The requirements for the CLP
SOW take precedence over the ESE Plan.

Golfer AMOCIe'"
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reviewed and .ppropriate revi,ions will be mAde if .ny Ch.nge
in the monitoring -network or soil s.mpling events .re
implemented.

2.2.5 Sample Container Cleaning Procedures
Sample container. will not be cle.ned by ESE. All containers
for the RFA level of QA will be supplied. by· I Chem of
California and will be of the 300 series.

It may be necessary to 'rinse the outer portion of sample
contain~rs with deionized water prior to packaging for
shipment. The l.test Department of Tr.n.portation procedures
for shipment of environmental ••mples will be u.ed in .11
ca.ea. The qu.ntityof .cid. or b••e•• dded •• pre.ervative.
will not exceed 0.15 percent by weight .nd, therefore, the
samples will not be shipped as corrosives.

2.2.6 Sample Custody
The field cu.tody procedures .re noted in the RFA soil
sampling plans and the Groundwater Monitoring Pl.n (Refer-
ences 6, 7 .nd 8). The chain-of-cu.tody form to be u.ed,
produced by US EPA Region II, i. included· in Appendix C.
Each shipment cont.ining soil will be
States Department of Agriculture
provided by the l.bor.tory. Th.
included with the QA pl.n in Appendix B.

accompanied by • United
(USDA) permit label,
l.bor.torypermit i.

2.2.7 C.libr.tion Control. and Fr.gu.ncy
Section 6.0 of the ESE Pl.n .ddre•••• fi.ld .nd l.bor.tory
instrument c.libr.tion. Minor modific.tion of this .ection
has been performed by Golder to .llow for the .ctu.l field
in.trument. to b. u••d .nd ~e reaov.l of r.fer.nce to
procedures wOich .r. d.finitely out.ide the .cope of the
project. The c.libr.tion of the Bach one pB meter is included
in Appendix D.

GolderAuoclet ••
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shipping from Puerto Rico to Florida, the preservation of
soil samples at 40C (cool) and the decrease of holding time
for volatile organics in soi1 to 7 days. The validity of
samples which exceed the goals by any length of time will be
determined by the ESE and prime contractor (Golder) chemists
in conjunction with US EPA Region lIon a case by case basis. ,

2.2.4 Sampling Blanks and Duplicates
o Trip blanks will be 40 ml VOA vials with Teflon septa

1ids. The vials wi11 be filled,with analyte-free or
HPLC grade water at the laboratory and accompany the
bottles from the laboratory, into the field and back,to
the laboratory. ,Trip blanks will be taken when aqueous
samples are analyzed for volatiles. The trip bl.anks
will be taken at a frequency of one per dAY per ~queous
matrix or one per shipment, whichever is more frequent•

• Trip blAnks will be analyzed for the volAtile orgAnic. compounds for which investigative samples are being
analyzed at a frequency of At leAst one per aqueous
matrix per week or per sampling event, whichever
frequency is greater.

o Rinsate blanks will be obtained as specified in the
sampling plans.

o One duplicate' will be obtained per 10 investigative
samples.

o If a resampling is necessary a sAmple may be split with
another commercial laboratory.

o Splits for use by the US EPA Region II will be obtained
as requested.

o Additional QA samples will be obtained to allow for CLP
SOW Matrix Spikes, etc.

o Tables 3, 4, and 5 list the types of samples by matrix.
o Table 6 lists'additional samples and sampling blanks to

be taken during the field program described in Reference
S.

The above blAnks and duplicates are considered adequate for
the proposed monitoring system.end the proposed soil sampling
events (see References 6, 7 and 8). This section will be

Golder A8Ioclat ••
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2.1 Scope of Plan

The modified ESE QA (ESE PlAn) .(Appendix.8), when read in
conjunction with Section 2, Appendices 0 And E of this
document and the CLP SOW's (References 1 and 2) provides for
field instrument mAintenance And lAboratory QA for all
aspects of the work. In Addition, the production of:
analyte-free water for use as blanks by the laboratory is
descr ibed in the back of the ESE OA plan. Portions of the
RFA/OA and MOA are delirieatedin the ESE Plan. This section
describes how the ESE,Plan is used for the two QA programs.
2.2 RFA QA

2.2:1 AppliCAbility And Methodol09ies
The RFA QA will apply to the AnAlYSis of soil
described in the RFA Work PlAns (Reference 6 And 7)
bAseline monitoring for the priority POllutAnts,
peaks, AS specified in Appendix A of the GroundwAter
in9 Plan (Reference 8).

sAmples
And the
plus 40
Monitor-

2.2.2 Samplin9 Procedures

'l'hetext of Section 4.0 of the ESE Plan which relates to
Sampling procedure. ha. been removed. SUPling procedure.
have been di.cussed in the .oil saapling plans (References 6
and 7) and in the Groundwater Monitoring Plan (Reference 8).
2.2.3 le ContAiners, PreserVAtion Techni Boldin
Sample Container., preservation techniques and holding ti•••
will be as Shown in 'l'able1 of tM""doc_nt. This ~:le hAa "_.

-been modified from one included in Exhibit C of DS EPA Region
•II CERCLA Ouality A••urance Manual (Reference 3). 'l'he

revisions are the deletion of Dioxin, the increa.e of hOlding
time for aqueous extractable organics to 7 days to allow for.



Revision 1
April 1989 -3- 883-3643

After the soil analysis and baseline groundwater analysis has
been completed, background groundwater moni toring . wi11
commence. During background,· detection and compliance
groundwater monitoring, and also during the baseline sampling
of the wells for non-pr iority pollutants as specif ied in
Appendix A of the Groundwater Monitoring Plan (Reference a)
following well development, the MQA program will be used.

The main elements of the MQA are: Sample preservation and
holding times as summarized in Table 1; analysis by the
standard methods incorporated in the ESE or Radian QA Plans
and summarized in Table 2; the use of bottles as required by
the. appropriate method; the production of a standard deliver-.
able package which will include sample number, laboratory
sample identification number, result, unit, detection limit
and appropriate laboratory qualifiers; data validation by the
methodologies required by the appropriate analytical tech-
nique together with the ESE/Radian QA Plan and batch QA/QC:
Golder Associates Inc. (Golder} will discuss the validation
wi th the laboratory and a summary narrative will be sent to
US EPA Region II).

... ~.

,•
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Statements of Work (SOW's) (~eference 1 and 2): EPA Region
II, Comprehensive Eftvironmental Response Compensation and
Liability Act (CERCI:oA)Quality Assurance MAnual (Reference
3); US EPA, Laboratory Data Validation, Organics (Reference
4); EPA Region II, Evaluation of Metals Data for - the CLP
Program (Reference 5) and various task specific documents.

1.2 OALevels

The OA for the various tasks exist at two separate levels
depending on the task or on the stage within a task. In
general, the laboratory analysis for the RCRA Facility
Assessment (RFA) is based on strict QAwhich is very similar
to that used in the CERCLAprogram. A separate level of-QA
will' be u.ed for long-term groundwater IIOnitoring of the
municipal landfill. The field instrument uintenance will
remain constant throughout the project.

The RFA OA will apply to the analYSis of soil samples
described in the RFAWork Plans (References 6 and 7) _and the
bas.line monitoring for the Priority Pollutant parAJIeters
(plus 40 peaks) as specified in Appendix A of the Groundwater
Monitoring Plan (Reference 8). All non~priority pollutants
in the baseline aonitoring will be analyzed using the
monitoring QAprogrAJI (NQA).

The main ele.ents of the RFA QA are: Analysis of the above
parameters by the latest reviaion of CLP SOW's including
non-batch procedures; the uae of 300 series bottles;
production of all components of a CLP deliverable package;
and, da ta val ida t ion of the -CLP package componenta by .EPA
Region II apecified .ethQdL. CL'_.~."require.enta take~'.-' ..--_._-
precedence over I'equtroents of -fhe ESEp"l..n-;-Radia~.pl .•rr, ~.:,..-:;:-,;.•••-- -
and all aampling and analysis plans except the r!I<JUirements
listed in Table 1 (PreservAtion and Bolding '1'iaes) and the~
use of eLP forms will not be required.
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1.0 INTRODUCTION
1.1 Scope
This .plan should be read in conjunction with the soil
sampling plans and the Groundwater Monitoring Plan
(References 6, 7 and 8) submitted for the Ponce Municipal
Landfill. The groundwater monitoring program for the site,
described in the Groundwater M~nitoring Pl.n (Reference 8),
includes both groundwater s.mpling .nd surf.ce water
sampling. Thus, the Groundwater Monitoring Plan sampling
protocol referenced in this QA plan is for groundwater
sampling and surface water samplin.g. This plan is restricted
to laboratory quality assur.nce/quality control (QA/QC),
field instrument mainten.nce/c.libration .nd the
ch.ln-of-custody form. Discussion of the general network
design, specific sample site selection, parameter selection,
safety and other t.sk specific issues h.ve been .ddressed in
other submissions (References 6, 7 .nd 8) to United States
Environmental Protection Agency (US EPA Region II or Agency).

This submittal w.s to have consist.d of documents prepared by
.the labor.tories propo.ed for th•. proj.ct: Environment.l
Science and Engin.ering, Inc. (ESE) of Gain••vill., Florida
and R.di.n Corpor.tion (R.dian) of ·R••••rch Triangle Park,
North Carolina. Th. document. produc.d by ESE and Radian meet
the usual QA requir••ent. for a proj.ct of this type, but do
not meet additional QA/QC require.ent. requ••t.d· by EPA
Region II. Thi. pl.n de.crib.. the lIlOdific.tion.and
addition. to the ESE and Radi.n plan. neecled to .eet the
QA/QC reque.teclby the Agency.

The pl.n referenc.. the following clocWDent.: R.cli.n
Laboratory -ooal·~ty~_~~~._uranciPlaD__~ApPin~ix-M! _ESE Qu~Jtty, _.. __.

._- . - - - _. - ..•...-~-~;.-Assurance Plan, .oclifieclby' J. paul, Golcler As.ociates
(Appendix B): US EPA Contract Laboratory progra. (CLP),

Gold., Aaoclet ••
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ATTACHMENT IV-5

STATISTICAL PROCEDURES

* References and citations made to specific sections, tables,
figures or other sources which are not included in this
Attachment are available in BFI's revised Post-Closure Permit
application, dated May, 1989 and is in the Administrative
Record. The Administrative Record is located at u. S.
Environmental Protection Agency, Region II, Permits
Administration Branch, 26 Federal Plaza, New York, N.Y., 10278
and the Puerto Rico Environmental Quality Board, Santurce,
Puerto Rico, 00910-1488.
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RESPONSE:
Section 1.2 of the Quality Assurance Plan has been
amended to indicate the precedence of CLP requirement
over the laboratory sampling plans for RFA samples, and
all sampling and analysis plans, except the requirementslisted in Table 1.

COMMENT:
10. The QA plan references the use of the latest CLP

statements of work. The most recent statement of work
for organics and inorganics are February 1988 and
December 1987, respectively. The list of references on
page 18 of .the OA plan should be changed to ref~ectthis.

RESPONSE:

The Reference list to the Quality Assurance plan has
been amended to include the most recent versions of theCLP statement of work.

COMMENT:

11. Not all of the priority pollutAnts are CLP target
compound list (TCL) anAlytes. Those which Are not. TCL
analytes are AmenAble to CLP procedures. We would like
the plan to confirm that CLP procedures will be used and
to detail any Appropriate modifications which will beused.

RESPONSE:

Sections 2.2.8 And 3.2.1 of the QUAlity As.urAnce PlAn
indiCAte thAt .theparAmeter. thAt are not pre.ent on the
TCL/TAL li.ts Are AmenAble to CLP procedure. And will beanAlyzed using CLP methodologie ••

COMMENT:

12. Preservation of filtered metAl. i. not indiCAted in theQA plan.
RESPONSE:

Table I ~f the Quality AssurAnce Plan hAS been amended
to include the preservation requirement. of filteredmetals.
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COMMENT:
7. Homogenization of soil samples should be done by the

cone and quarter method described on page.·55 of the
Region II CERCLA Quality Assurance Manual referenced in
the QA plan.

RESPONSE:
A response is addressed :in the soil sampling plans
(References 6 and 7).

COMMENT:
8. Table 1 of the QA.plan lists sample container, preserva-

tion~ and holding time requirements. This table should
be changed as follows:

.. a.. Preservation of soil samples for all analytes
should be "cool, 40C."

b. The holding for volatile organics in soil should be
7 days.

RESPONSE:
Table 1 and sections 2.2.3 and 3.3.2 of the Quality
Assurance Plan have been amended to allow for the stated
preservation for soil samples and holding times for soil
samples to be analyzed for volatile organics.

COMMENT:
9. Section 1 of the QA plan should state that CLP

requirements take precedence over requirements of the
ESE plan, Radian plan, and all sampling plans. The
exception is that sample container, preservation, and
holding time requirements should conform to Table 1 of
the QA plan as modified by Comment 8, above.
An example of CLP requirements taking precedence over
requirements of ~he various plans is as follows. Page 8
of the work plan for cover soil sampling states that 60
m1 vials with Teflon lined lids should be used for
collecting volatile organic samples. We ask that the 40
ml VOA vials detailed in Table 1 be used rather than
these. I
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to transfer surface water .amples to sample containers.
This information should De incorporated into all of the
appropriate sections and appendices where
decontamination procedures are-described.

RESPONSE:
A response is addressed in Revision 2 of the soil
sampling plans (References 6 and 7) and in Revision 2 of
the Groundwater Monitoring Plan (Reference 8).

-COMMENT:
5. The frequency of equipment rinsate blanks described in

various parts of the OA plan does not appear to be
adequate. We ask that one rinsate blank be done for
each individual type of equipment each time a decon
event occurs. Compositing is not allowed.

RESt10NSE:
In a phone discussion with Fred Haber of the EPA on
January 12, 1989, it was agreed that one rinsate blank
is required to be taken per sampling equipment
decontamination event per batch of sampling equipment
following decontamination.
The frequency of equipment rinsate blanks has been
indicated on Tables 3, 4, and 5 in the QA Plan. However,
as noted in the tables, the number of these blanks will
depend on the equipment used. The Groundwater
Monitoring Plan and soil sampling plans (References 6, 7
and 8) have incorporated procedures used for determining
how many equipment rinsate blanks will be used.

COMMENT:
6. Demonstrate~ analyte free water should be used fot all

blanks and' the method of demonstrating such should be
included in the plan.

RESPONSE:
HPLC water or a laboratory demonstrated analyte free
water, will be used f~.ll· blanks. The ~ity'.
Assurance plan includes parts of each labora.t.oiy'a--SOPs
for demonstrating that the-irw~ter is anal=ytefree.

,.. ....•..••••,, ••:...... '''II'
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operating procedures for sampling will be used? b) What
are the materials of construction of existing wells to
be sampled~ c) What were the methods of installation and
development of existing wells to be sampled?
Also, the ground water plan discusses the installation
and development of wells for obtaining hydrologi~
information and states that these wells may be used for
chemical monitoring activities. If these wells could be
used for either initial round sampling or detection
monitoring at a later date, our policy is that the PVC
casing described should not be allowed. Stainless steel
or Teflon should be used.

RESPONSE:
The existing wells at the Ponce Municipal Landfill
Facility are not included as part of the groundwater
monitoring system for the site. Therefore, comments a,
b, and c have not been addressed. Sections 1.1 and 4.1

.- of the Groundwater Moni tor in; Plan (Reference 8) have
been amended to clar ify that these wells will not be
used as part of the groundwater monitoring system.
In a telephone conversation with Doug Pocze. of the EPA
on March 2, 1989, it was agreed that BFIP will install
composi te wells consisting of a stainless steel screen
and a 10 foot sect ion of. well casing above the screen
while the remaining well··casing will consist of PVC.
Stainless steel materials have been included in the
description of the well materials in the ·Groundwater
Monitoring Plan (Reference 8).

COMMENT:
3. The order of sample collection should be volatile

organics, total organic halogens, total organic carbon,
extractable organics, total metals, and cyanide.

RESPONSE:

A response is addressed in Revision 2 of the Groundwater
Monitoring Plan (Reference 8).

COMMENT:
4. The equipment· decontamination procedures detailed in

Appendix D of the Cover Soil Sampling Work Plan and in
equivalent appendices or sections of the other plans
pertain to all sampling equipment (other than large),
including ancillary equipment such. as bowls and pans
used to homogenize soil samples .nd any containers used
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Also, the 'analytical parameters for initial ground water
sampling detailed in the ground water plan differs fromthe parameters detailed in the QA plan.
To help clear up these matter, the QA plan should
provide a table on RFA soil sampling and initial round
water sampling activities which lists: a) the number of
samples by matrix (e.g., soil, ground wat.r,surface
water), b) the number (or fr.quency) and type of field
quality control samples (e.g., duplic.t.s, trip,.
equipment rinsate), C) an.lytic.l parameters by sample
matr ix. All information provided in the associatedsampling plans should be consistent with the table.

RESPONSE:

The original version (Revision 0) of the OA Plan was
prepared to be read in conjunction with Revision 1 of
the groundwater monitoring .nd soil s.mpling plans,

• which were being pr.pared at the tille the OA Pl.n was
. submitted. Our letter tr.nsmitting the OA Plan to EPA

explained this. Some of the inconsistencies cited by
the reviewers appear to have arisen because the review-
ers unknowingly compared the OA Pl.n to previous
submittals of the other documents. Other inconsistenci-
es may .lso h.ve arisen b.c.use of last ainute changes
in Revision 1 of the groundwater monitoring and soil
sampling plans that were not .nticipated when the OA
Plan w.s submitted. With this reponse we h.ve att.mpted
to clarify .11 the inconsistencies cr••ted by the timingof previous submittals.
T.bles 3, 4, .nd 5 provide the infor~tion of numb.rs of
samples, field quali ty control samples and .n.lytical
paramet.rs for the soil, groundwat.r .nd surf.ce water
s.mpling, r.sp.ctiv.ly. S.v.r.l of the numb.rs provided
.re indic.t.d as provi.ion.l •• the numb.r of .ampl.s,
in some e•••• , will d.pend upon the conCSitionsencount.red 1n the field.
The text h•• been revised (.ee page 1) to clarify that
the groundwater monitoring program for the site, .s
described in the Groundwater Monitoring Pl.n (Refer.nce
a), include. both groundw.ter s.mpling .nd surface w.ter
sampling. Thu., the Groundw.ter Monitoring Pl.nsampling protocol, referenced in the OA Pl.n i. for
groundw~t.er •••pli1'.g.nd --.u?'faj:. w.ti-r·'::"QRli~i.. ~ ~_:,.~.,...•••..=-' - _.,. --- .- .

COMMENT:

2. Much more definitive information is needed reg-arding
other .spects of RFA ground w.ter sampling .ctivities.
a) Bow will .amples be taken (i.e., bai.ler, bladder
pump, etc.) from exi.ting wells and what standard
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BFI of Ponce, Inc.
757 North Eldridge
Houston, Texas 77079
Attn: Mr. Bruce Jernigan
RE: QUALITY ASSURANCE PLAN FOR LABORATORY ANALYSIS

AND FIELD INSTRUMENT MAINTENANCE
PONCE MUNICIPAL LANDFILL
PONCE, PUERTO RICO

Gentlemen:.
PI'ease find enclosed Revision 1 of the Quality Assurance Plan
for Laboratory Analysis and Field Instrument Maintenance.
This current version incorporates comments from the O.S.
Environmental Protection Agency, Region II (EPA) regarding
the October 19, 1988 submittal of the plan, as conveyed in
the transmittals received on December 16, 1988 and January 4,
1989 from EPA. Their comments are listed below along with an
response. The. comments from the December 16, ,1988
transmittal are numbered in the same sequence as they appear
in the transmittal. Only one comment from the January 4, 1988
transmittal pertains to the quality assurance plan and is
addressed as comment number 12, below.
COMMENT:
1. The quality assurance plan references the various

sampling plans for inforution on RFA soil and first
round ground water sampling activities. The documents
on surface soil and subsurface soil provide clear
inforution regarding at least the number of, soil
samples to be taken and analytical parameters. Bowever,
neither the ground water monitoring plan referenced by
the QA plan nor the QA plan provides necessary
information on initial water sampling activities. These
two plans also are inconsistent.
The ground-VAt.F--plan -does not -_ntionthat, six groundwater umples··wtrl be takin--.s statea-tn' the QA.plp~:~-=:~,,,,,-,,.-
The ground water plan and conversation with project
personnel indicate that surface water samples may be
taken also and they are not covered in ,the QA plan.

GOLDEI'!ASSOCIATES INC, • 3730 CHA~ TVCKEI'!~. AnANTA, GA 3036' • TIl.DHONI: 160616"""3' TII.IX 700523' 'AX: 606·136·1671

OFFICES Ii UNITED ITATIS' CANADA' UNITED ICINGOOM' AUlT'lAUA
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~lr4 ..,.
/8.1 Quality Assurance/Quality Control Procedures

These procedures are in the report entitled -Quality Assur-
ance Plan for Laboratory Analysis. and Field Instrument
Maintenance, Ponce Municipal Landfill, Ponce, Puerto Rico"
(Golder Associates Inc., 1988c).

8.2 Laboratory Contacts
The two laboratories proposed for this work are:

Environmental Sciences and Engineers, Inc. (ESE),
Gainesvill~, Florida .
Jeff Shamis (904) 332-3318

Radian Corporation
Research Triangle Park, North Carolina
Cindy Spitter (919) 541-9100

8.3 Data Management
Results will be stored on a relational data base for review
and reporting. All raw analytical data will be held by Golder

. .Associates Inc. or the laboratory. Data will be presented to
EPA in tabular and/or graphic forms.

.',--
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7.5.2 Sample' Bolding and Shipment

Subsequent to sampling, the sa~ple containers will be stor-ed
in an ice-packed container or shuttle. The sample shuttles
will be transpor'~ed so they are received at the laboratory
within thirty-six hours after, .ample collection. The time
between ini tial .ample collection and laboratory analyses
shall be kept t~ the minimum amount that is practical. The
safest and most expedient methods ofsampte transport will be
used.
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Strict chain-of-custody procedures will be adhered to for all
samples. From the time the sample is collected until the
issuing of the analytical laboratory results, the samples
will be in the custody of assigned personnel. In order to
maintain custody, the samples will either be:

a) In sight of the assigned custodian,
b) Locked in a tamper-proof location, or
c) Sealed with a tamper-proof seal.

A wri t ten record of' the transfer of suples will be main-
tained.

The Chain-of-Custody Record will be attached to the sample
container at the time the sample is collected. All sample
bottles will be correctly labeled. When.transferring the
possession of samples, the transferee should sign and record
the date and time on. the record. The number of custodians in
the chain of possession will be as few as possible.

The Chain-of-Custody Record will be sealed in the sample
shuttle and transported to the laboratory. Upon receipt by
the lab, the seal will be broken, and the condition of the
sa~ples, date, and time will be recorded on the form by the
person receiving the s"ple.

,. .

(

II"",... a •• ,....1••••
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7.S Sample Documentation and Shipment
7.S.1 Field Sampling and Chain-of-Custody
A chain-of-custody and sample parameter form will be appro-
pr iately completed for each sampling point. The following
information will be documented on field sampling forms
(Figure C-S) or in a GAl field ~og book:

a) Facility site code, sample code, sample point 10and other identifiers:
Date, clock time, and time elapsed (if greater than
one hour) from Itart to finilh of sampling:
Presence/absence of immiscible layers:
Depth to groundwater from the top of well pipe
along with the time .~asured: (disregard forsurface sample):
Information regarding purging of the well prior to
sampling (dilregard for surface sample)J
Field test relults- including pH, temperature,
specific conductance, and turbidity measurements:
Sampling method uled, such as bailer, bladder -pump,
etc. (equipment material will be noted)J
Type of sample, well sampling sequence, sample
container type, prelervativel uled, parameters
requested and other pertinent information (i.e.
sampled in conjunction with regulatory au.thoriti-
e.) J

Pield observations and sampling conditions ('i.e.
weather conditions)J
Appearance of sample, such a. color, turbidity,.ediment, etc., and
Internal temperatur~f fieldLand shipping contain-.r~i ~-:'.'~-",=- -"-"-- ..- -:---- __ -_.:.::-~~..,-::.c. nin°-a- ._

b)

c)
d)

e)

f)

g)

h)

i)

j)

k)

1) Name of transporter and name of laboratory toperform the analysis: and
m) Samplers' identification and signature.
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I

allow collection with the .ample container, the water will be'
collected with - new I Chemlee .eries eent.iller 'a.u5 eare
fall) Lransfer red to the .ample containar. .ba .,,11e.ble
sam,} In, reezttlre.ent. and ,re •• rv.ti we preeedttr •• , ••
delcribed in See'len ?Ia, will .l.e ~e ~••• ,., .y ••••• v.,••
• a.,li"9' .I'te e.tiMtad "tIRllta. ef .ti"aea wa'a, •••• le.,
dtt,11e.ta •• .,la., •• t.i. .pika •••• 1•• , •••• i. ..ike
~aplic_te ._m,1•• , field bl_"k. and trip Itlank. te be taken,
.fOL the various monitoring .tages, are .ttwmari.ed In .able ~.

7.4 Field Parameter Measurements
Field parameter measurements will be taken for the ground-
water and aurface water aamp1es obtained d~ring aamp1ing
event., and for groundwater obtained during vell development
and during drilling. In each aituation, the water auple.
will be collected in a clean, quart .ile, glass jar. Thi. jar
will be rin.ed with the auple water, except for aamples
from low yield well., and then filled in a unner which
minimil •• aeration of the auple. The .ea.urem.nt of tempera-
ture, pS, apecific conductance, and turbidity ~f the aample
will be taken u.ing the appropriate .eterl .and recorded on a
field aampling documentation form (Figure C-5).

All meter. u.ed for the field .ealure.ent. of pS, apecific
conductance, and turbidity viII be calibrated prior to
initial aampling. !'he calibration of field .eter. ahall be
checked daily before the .tart of a••p1ing and avery four
houri and appropriately reca1ibrated during" the •••pling
period. !'he.etara and aamp1e jarl vi11 be rinled three ti.el
with diatilled vater before .ealurementl are taken on another
a••ple.

. -- ---- -_ -. ---_ .

•........ •.._ .
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3. rin.e with 10' SN03,
4. triple deionized water rinse, and
S. air dry.

1. At least one trip blank will be used for each
aampling event at the site. If the water aamples
are obtained with dedicated pumps or bailers, no
equipment will require decontamination and 10 no
rinsate blanks will be used. It, non-dedicated
bailers are used a rinsate blank will be obtained
from each batch of decontaminated bailers isee
Appendix B). 'New polypropylene rope will be used at
each hole ~nd, therefore, no rinsate blank of the
rope will be required. The estimated number of
groundwater aample., duplicate aamp1es, aatrix
apike aamples, mAtrix apike duplicate aamp1ea,
rin.ate'blanks, field blank. and trip blank. to be
taken, for the various aonitoring atage" areaummari.ed in Table 6.

m. Sample containers will be sealed tight and placed
in an ice-packed container or shuttle. ''lhewell cap
will be replaced and the protective casing locked.

n. Sampling will be delayed if incle.ent weather
condition., such as heavy rain occur•• Such condi-
tions may jeopardi.e the integrity of the aa.pleaand field aeasure.enta.

(" .,-,'

7.3 S~rf.ee Water .amplin9

A aarfaee water a•• pling atation will be •• tabli.hed within
the ,~11, .1ft the e•• terft portion of the' .ite. " concrete

~::::f::!f'P;S::::/~ftkaf ,~. .~.l1Y '.,

I • . '~ ~/

.he .yr •••• w.'er .",lla'"roeedwre will eoft.I.~ •• ~aklft'
I "', .

_he w.ter ••• ~le at .1d;:'ept~ In the .,enter of the flow path.

/

Sampl.a w111be coll_cted by •• re1y .abaerlinl the 1.borator,
' I, .

aaiuple container to the desired ."piin, .e,th, howeverI
"containe, •.• i th P' es., ,ati,.. cannot .be

_. "
t )
'•.........

weter. In • sita.tion where a pre.er.ati.e i. preaent in t~e
aempie cont.iner or if the water depth 1. too .hello. to
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test to be performed :.id the preservative which h.s
been provided by the laboratory. Sample preserva-
tion, sample holding time, and sample containers to
be used are summarized in Table 5. Samplecontain-
er.should be number coded to match the Chain-of-Custody form.

g. The .ampling of various parameters will be con-
ducted in the following order:
1. Temperature, pH, specific conductance, andturbidity.
2. Volatile organiC compounds.
3. PCB'. and semivolatile organics.
4. Inorganic parameters.
5. Cyanide.
6. pS, and specific conductance.

h. Field parameters consisting of pS, specific con-
ductance, turbidity and temperature will be
obtained in triplicates for each groundwater
monitoring sample at the initiation of the sampling
event. If the turbidity reading is aignificantly
above the baseline value established during well
development (aee Section 5.5) then the well in
question will be redeveloped.

i. When aampling volatile organics with a bladder
pump, the pump rate ahould be regulated so as to
provide a slow continuous discharge rate of lea.than 100 ml/minute.

j. Sample vials for volatile organics ahould be filledso that no head apace remains.
k. Filtration of appropriate samples vill be perfor.ed

within two hours of sample collection. Filtration
will be done through a 0.45 .icroD cellulose ester
filter and will be perfor.ed in th. field. '!'he
filter device vill be cleaned or decontaminated
between filtering events. '1he decontamination
procedure for the filter and otherJ appropriatesampling equipment is:
1. wash and scrub with alconox detergent,
2. tap water rinse,

Golder Auocla ••
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data exceeds 1000 ppm, or If visual inspection of
the groundwater sample indicate. the presence of a
phase liquid. Lower an interface probe through the
eductor pipe within the well and record the depths
at whic~ the probe indicates contrast as it moves
through. the liquid in the well. Retrieve the
interface probe and rinse with the r.el and probe
with deionized water and i.opropanol alcohol.
If an immiscible liquid is detected:
1. Calcula·te the thickness of the phase inunis-

cible liquid.
2. Lower a bottom loading Teflon or stainless

steel bailer through the eductor pipe until
the bottom of the bailer i. ju.t above the
immiscible/water interface or until the bailer
is totally immersed in the immi.cible liquid,
whichever comes first. Retrieve the bailer and
place the liquid in a .ample container for
laboratory analysis. A new polypropylene rope
will be u.ed to lower the bailer and will be
discarded after it. u.e.

,
~.1 f.

d. Purge a minimum of three (3) time. the volume of
standing water in the well. Well•• creened in low
yielding formation. may be purged to dryne.. if
well recharge i. in.ufficient to allow evacuation
of 3 well volume. within a reasonable time (e.g. 3
days). Purging .hall b. performed u.ing dedicated
bladder pump. or bail.r•• A ga•• upply (compr••••d
air or pure grade nitrogen) will be connect.d to
the well a••embly and r.le••ed to the bl.dder pump
vi. a control unit. At the end of the di.charge
cycle, the g•• pre.sure i. vented. Five to twenty
pumping cycle. ar. typically requir.d to purge the
air from the pump and outlet tubing.

e. The well. .hould be ••mpled immedi.tely after
purging. An .v.lu.tion of the recharge rate for the
well. will b. made u.ing the recov.ry d.ta obtained
following w.ll developm.nt. Th. lag ti•• n.c••••ry
for the well wat.r to recov.ry b.for. 'a wat.r
.ample can be taken from the w.ll will be .deter-mined from this d.ta. Thi. tille frame will b.
included in a revised groundw.ter monitoring pl.n.
A sample cont.iner will not be compo.ited of
groundwater from two different .ampling period ••
All samples .h.ll be pl.ced in the .ppropriate
prepared and. laboratory' cleaned containers. Each
.ample container .hould be labeled with the type of
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Subsequent to well development and before the bladder pump.
are installed in the wells, the presence of immiscible
liquids in the groundwater will be evaluated. An interface
probe will be lowered in the well slowly and the depths at
which the probe indicates contrast as it aoves through the
liquid in the well will be recorded. If any immiscible layer
is indicated, the thickness of the layer will be calculated.

7.2 Well Purging, Sampling, and Preservation Procedures
Subsequent to well development the test monitoring wells
will be purged and. sampled for the purpose of analytical
testing. The procedures for sampling the test monitoring
wells are listed below:

a. Sample the air in the well head ·for organic vapor
immediately after removing the well cap. A
photoionization detector will be used for this
purpose. The results will be recorded.
Measure the depth of the static water surface to
the nearest 0.01 feet ift all the wells prior to
well purging. Water level aeasurements will be
taken using an .lectrical water level indicator.
The following procedure will be used to measure and
decontaminate an indicator whe~ it is used to
measur. the depth to water in a monitoriftg well:

b.

1. Rins. the indicator probe off with deionized
water, rinse the probe with a' laboratory
detergen~ solution (i.e. Alconox and deionized
water), and again rinse the probe with
deionized water. Shake off excess vater and
·unreel the probe slowly down the eductor pipe
until the light and bUlzer of the indica.torrespond.
After aeasuring the depth to static vater, the
cable is reeled back Oftthe spool and the eftd
·is decontaminated agaift, fol:oving the
procedure described above.

2.

c. Check for an immiscible .-layerif non-aqueous phase
liquids (RAPLs) have previously been detecte~, if
any constituent has previously ° been detected at
above 25' of its solubility, if the organic vapor

0,-
. o.~·

-,- .~. - Oolder AlIOCllt ••
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~A..~1 14/7
7.0 ~Mw SAMPLING PROCEDURES

7.1 Well Sampling
Dedicated bladder pumps, are currently proposed to be in-
stalled in each monitoring well for groundwAter sampling
purposes. Bowever, evaluation of site hydrolog+c conditions
upon completion of well installation lIlaydictat. alternative
sampling methods.

A bladder or diaphragm'pump is a type of pump which' operates
under the cycling of compressed gas. The compressed gas
cycling inflatea and deflates a diaphragm which creates a
pumping action. The bladder pump will be made of stainless
steel and Teflon material. Due to deep hole conditions, the
pump may be supported by a clean stainless steel cable
connected to the well cap. The pump intake should be posi-.
tioned in the lower portion of the screened' interval. A'
fluorocarbon resin (i.e. Teflon) outlet tube should be
connected to the pump and extended to the well cap. Bladder
pumps approved for well sampling shall operate in a continu-
ous manner so that they do not produce a pulsating action
which may aerate the groundwater samples 1n the outlet pipe
or upon discharge.

A three em (one-inch) diueter PVC eductor pipe- will be
placed inside the well casing to extend frea the well cap to
about 3 • (10 feet) above the highest anticipated water level
in the well. The eductorpipe, therefore, will not be 'in
direct contact with the well water. This pipe will serve as a
condui t through which a water level indicator probe ••y be
freely lowued-to-th. water~le without being obstructed by
the discharge Ifne.-;;d air li~';--~xtendi~gfrom'-the-biAcSde~r'-::;~d..-· .-
pump.
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IN TRODl1CTJON"." .

In the (oUowin&IeCtioDl, a .tatistical decision tre:e is constructed (or the analysis or
,round·water monitoriq data. The decision pointadepend on the ciistributional rorm or
the observed data and the detection Irequency or each constituent. Statistical methods (or
each case are described in detail. Application of the .tatjstiu} decision tree is ilIu.strated
with a series o( hypothetical examples that rt8ect &hepoaibJe (rOund-water monitorin,
ou tcomes at the Bovlc lacUity (or the propcll~ let of iDdicator p&r&metel'l.Bued on these
hypothetic~ uunpl., .tatisticaJ power chuacteriltia &recompu&ed 80 'hat the effect
Dl&&nituderequired to balance (alse positive and (alse nelative rata lor u.ch method may .
be identi6ed precileJy.

STATISTICAL METHODS

1. Cou J: Compoura.UDeteeted i" All Boeqroun.d Somplu

1.1 Compute the 95% prediction limit &.S:

1+ VI + ;t/"-J.•'III
(1)

where

(2)

I: i: (Zi - 1)2
1.1 n - 1 (3)

1 i. the number or mODilorincwells, " it Ihe raIse pooili.e role (.ello " =.DS)",o_ •.•,.j is
the on~sided (1- c/k) 100%point of Student'" distribution on n -1 decrees orlreedom,
&J1dn is the number o( back,round meuW'ementa. Tables 1.3 provide values 01 the (actor
1;.- r,0"1";1 + ~ ror .alues or n = 4 10100and l = 110 100: thererore,lhe owner/operalor
is only required to compute the mean f and stan dud deviation, or the.n back,roundmea.surementa.

R. ClUe I: COmpoUrllU Deluted in at Lc.o"t ID1f 0/ All Back,round SGmplCf .

2.1 Compute the mean or the n back,round lampl. u:

(.c)

l..
where I' is the, averace of the nl detected ftlu.,._~.~ no it the Dumber or samples in
.·hich the compound is-.,.ot1!:~tectedor is below the lDethod~'«tiOn limit. ThrstUdirtt' . __devjation is: ---.- - .~-

1





(S)

where .' it the .tandud deviation of the "1 detected mUoSurements.The norz:n&1prediction
Iimjt can then be computed usinl the equation ill section 1.1. This method is due &0
Ait.c.bison (J. Amcr. Slot.'ltic.oJ Allociotion, 10, gol-~, leSS).

s. COIC~: Compound, DctCdctl i" S1f to 1011 0/ All Boel:,roUM Somplu (VOC'J

3.1 For each USEPA method 12. yolatiJe Ol'luic priority pollutant lean, sum the
det.ected concentrations across the 27 compoundl Jilted in Table ••, lubltitutinl the pu~
lishe-d mdhod detection limi" (see TabJe 4) lor &hose compounds that are Dot detected.
For example, i( none o( the compoundl were detec&ed, the .um (or that lean would be 154ppb.

3.2 Compute the 95" poiSlOnprediction liaUt (Cibbonl, CrouNJ Water, 25, I, 572-580,1987) as:

l' I' t /: t'- + - + - ~(l + n) + _n 2n n ••

,
(

where l' is the total ppb (or all " back,round K&At (i.e., the lum o( " individu&l IC.&Il
totals), n is the number o( backcround IeUS, t it the (1 ~ .0.5/1:)100" point o( Student', t
distribution on n-l degrees of freedom (see Tabl •• 5-7), and i is Ihe number ofmonilormlwells.

3.3 Subtract the .UIrl o( the MDLs (i.e., 15••pph) (rom the computed Jimit value. The
result is a limit v&lueexpr•••• d •• Ihe numb.r 0( delected pp6 Ihat is allowable in anysin,le VOC scan.

3.••When computed in this way, the estimated limit Y&Jueis (or the entire method 624
scan; thuerore, the sum or detected nJue:s in a new monitorin, scan .houJd be compared
10 the limit and not individual values.

3.5 U only'. small .ublet of the volatile orlanic compounds are used, or other inor,anic
paramders &redetected in the 5" &0 10" ran,e, the limit in 3.2, can be eomp~ted (or
e&ch compound individually. In Ihis cai e, " io Ih. lum of d.tected yalues (or MOL) for
'hAt compound across the" backcround measurement •.

./. Compourt.U Dctcctctl i" te" TAG" S1f 0/ All Bod,rouM Sample.

4.1 The gS" assurance limill (i.•.• raloe pOliti •• and raloe neeati •• rala 101 10 5")
ar. computed usine Ihe method due 10 Clarion. Hines and Elkins (Anall/li<41 Ch•••••.•t.l/,
$11. 2506-2514. 19a7). usine -iance eslimala from USEPA•• round robm Itudy (F.d er oJ
Re,ilter October 26. IgS., 4g. 201). The Ulurance limit is: .

•/1 + ;,

(6)

L..' (7)
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.... -.- .•..- •••••u~mnmramy pUUDeter of the one-aided noncentr~' d;,tribution with n-1
-" deCrees or rr~om, &rid , is the .tudl.1d deviatior " ~aJrticaJ replicates.

4.2 For the cue 0( 7 ualyticaJ replicates required by VSEPA _lid false positive ~d
ralse nelative rates of 5", the UI\U&Dce limit iI:

IJr-r
3.75V1 + 7' = 4,

(I)

4.3 Values of, ror the method 624 yolatiJe orlanic priority pollu&&ntcompounds CI.Dbe
round on pace 147 ill Table 1 or the previoUlly cited Fcdero/ B",·,ter. The correspondin,~S"a.s.surance limits l.1e provided ill Table 4.
ILLUSTRATION

To illustrate the previously de6.neci".tatisticaJ lDonitoriq prop-am, consider the hype>
theticaJ data in Table I. These data reeect a mOl1jtor~ prO(ram in which 2 backCTound
wells were monitored qU&.1tuly ror a period or two run, yieJdinl 15 ba.ckground observa-
tions (i.e., n = 15). Furthermore, we &.$Sumethat 4 monitorj.n& wells &re to be evaluat.ed
OD the next round of sa.mplinC.

Insptction or Table 8 reveals that chromium had a detection Cr~quenC1 or 44", lead
100%, benzene W&.S Dever detected ud toluene was detected ODce(i.e .• e,,).

The prediction limit for chromiu~ for whith 7 out or 16 values were detected, •
computed as:

! = (1 - ~) 38.57 = 16.87

, = .1(1 - .!.) 17.732 + !.(1 _ g - 1) 38.572V 16 16 16-1

limit = 16.87 + 2.57(22.98) = 71.g3pph
(10)

(11)
where 2.57 is the mUltiplication ractor ror " = 16and • = 4 from Table 1.

The prediction limit (or lead. where all backcroUDd measurements were detected, iIcomputed as: .

limit = 31.31 + 2.17(17.00C) ~ 71.10,ph
(12)

Since Done of the heraene measurements were detected. we use the usurance limit of
27.6 pph u the limit ror this compound.

FinaUy, lince the .inlle detected value of tolueDe fielded a detection frequency of 6".
we can compute a poisson prediction limi& for this compound. Subs&itutinc the detection
limjt or 6 ppb for the 15 Dondetected me.a.surementl. we and that, _ 1101',6 and , = 2.4g
(see Table I); therefore.

-"-'

,.. 110 2.49' 2.49 ( ) 2.49'
Imlt =16+ 2(16) + 16 1101+ 16 + 4 - 13.1",

(13)
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whjth iI in fact, less than the asS\lT&ncelimit of Ig.2 ~ for this compound.

STATISTICI POWER

Statistical power curves ue presented in. FiCur. 1·3 for dtromium, Iud and toluene.
Inspection or Firure· 1, which is based on tbe hypothetical data in Table 8, reveals that ror
16 background IU%lples, .• future monitorin, wella, Uld a baclp-ouDd mean Uld Itandard
deviation or 16.17 ± 22.gs, the test leach. a balance of r&lae poaitive and ralte ne:&tive
rates of S,", (i.e., 9S" power) at a concentration or 100 "g/l in an)' lin,te new monitorinc
.•.·eIL Fi,ure 2 reveals that (or lead, 9S" power iI achieved at a 1D0nitorin, concentration of
g3 ~g /1. Fi,ure 3 reveals that (or toluene, the poisson prediction limit &chiev. gS" power
at a concentration o( 16 ",/1• These power ca'cu'atioftl are based on 100 replications
simulated (rom normal and poisson diatributioftl Nlpective!y.

The assurance limit of 27.6",/1 (or b"enzene iftlur.·both (alse poIiti.e and Caise nt,a.
live rates of S" (i.e., power = .9S) ror the test or the null hypothesis that the concentration
or ben%~ne is zero.

LIMIT ESTIMATES FOR THE FIRST 2 YEARS OF MONITORING

In the absence of a sufficient historical.databa.se, •• uranu Jimiu (or chromium, lead,
henzene and toluene will be used (or-the &rst two )'eus of quuterl), moDik,rin, at the Hovic
Ca.cility. Assurance limits (or benzene and toluene ue 27.6 pp6 and 19.2 pp6 respectively
(see Table <4). For chromium, a standard deviation of S.7 pp6 was reported (or a spikin,
concentration of 150 pp6 (Federal Re,llter, 4Q, 2OQ, Friday October 26, Ig84, pale 200C);
thererore, the 9S~ assurance limit is <4(5.7)=22.8 p~. For lead, a spikin, 4:oncentration of
24 ppb yielded a standard deviation of g.6 pp6j therefore, the LSSun..ncelimit is .•(g.6) =38.4
P';>h. Any new monitorin, value exceedin& these assurance limits will be considered a
~ri"er· value.
BACKGROUND SAMPLING DESIGN

C iven that the proposed indicator plJ'ameters are expected to. be rarely detected in the
ypgradient wells we propose that the back,round database be continuously updated with
ea.ch new set of quarterly measurementl. For thOle compounds that are never detected,
this increased back,round database wiD not require any recomputation of the assurance
liIn.it.s that have already been propo.ed (or 'he &nt two )'ears or ,round.wa'er detection
conitorin,. For ,hOle compounda that are detected in S" or more or the total number of
ba.cJc,round samples, limit values will be recomputed quarterl), .

...••.. ."
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"" PIlEDICTIOH LDIGTI rOR • ADDITIONAL
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rACTOIU rOil OITAntDtc ONE-SIDED

"" PUDICTION LDofrn rOil. ADDn'lONAL
'.ucPLU CIV£NA IACKCIlOUND'AMPLE or Ill! •
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TABLE 4

Method 624 Volatile 01la.nic CompoUDdi
Published Method Detection Limit. a.nd

05" Aaurance Limit. ill pp6

Com POWld Repor&ed MDL ROUDd-Robizl SD A-UTaDCI LimitBensene 4.4 S.O 27.6BromodichJorometh&ne 2.2 S.4 25.6Bromo(orm
4.1 5.4 21.6Bl"Omometha.ne 10.0 11.0 11.6Cubon Tetrachloride 2.8 1.2 20.1ChJorobenune 6.0 1.3 25.2ChJoroet!la.ne

10.0 11.4 ·.s.6Chloroform
1.6 6.1 24.4Chlorometb&lle 10.0 10.8 19.2D ibromochlorometha.ne 3.1 1.1 24.4l,I-Dichlol"Oetha.ne 4.7 5.1 20.41,2-DichJoroetha.ne 2.8 6.0 24.01,1-Dic.hloroethene
2.8 0.1 36.4( tr&ns-l,2-DichJoroethene 10.0 5.7 22.11,2- Dichloropropa.ne 6.0 13.1 55.2cis-l,3- D ichloropropeDe 5.0 15.8 83.2traru-1 ,3-D ichloropropene 10.0 10.4 41.SEthyl Benzene
1.2 7.5 30.0Methylene Chloride 2.1 7.4 2V.61,1 ,2,2- TetrachJoroeth~e 1.0 1.4 2V.6Tetr&(hJol"Oethene 4.1 5.0 20.0Toluene
6.0 4.8 10.21,1,1- Trichloroethue 3.8 4.6 18.41,1,2- Trichloroetha.ne 5.0 5.5 22.0Trichloroethene
1.0 1.6 26.4Trichloro8 uoromethane 10.0 10.0 40.0Vinyl ChJoride 10.0 20.0 10.0all nJu. reported ill ~I/l

AUuTMce Limit - 3.15';1 + 1/15D-4.0(5D)
where 3.75 is the noncentrality pan.meter o( the one-.ided
noncentraJ t distribution with 6 decrees or freedom,
'hat ii, 1 replica&el ud Q _I _ .os
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TABLE I

i
VALUES or , rOil OITAlHlNC ONE-SIDEDI- I'.PorSSON PIt.£DICTION LlWrrs rOil. ADDrTIONAL

SAMPLES CIVEN A I.ACJ(CIt.OU~ SAMPLE or SlU •p,...-. If.....,eI ••• - •••• IIW_.")• • • , • • 10 II II4 2~ .•1 . 4 C. C. 4 . C. ••• • .4 . 4
, U. 1.71 1.11 1.10 1.7, ••• U. C.I. •.., UO UI C.II C .•• '.OT U7• 1.01 1.17 Ul '.1' U. •. U •••• '''1 ua c.• u. •.n uo C.II 4.41
, uc i." U. 1.1'7 1.14 ••• •. C • •••• '.11 ..,. U, •• '.11 4.00 UII• u. 1:- 1.14 I." 1.00 •.U ..,. .M •.• 1 1.10 •.• f •••• 1.70 '.f' 1.11• •••• UI I.If 1.71 1.10 '001 1.11 '.1. U• • .11 UI U. '.U ua '.U10 •.U I.• 1.11 I.• 1.11 1.11 U. '.11 U. .." U. ••• •••• •••• 1.1011 1.11 US 1.C7 I.U I." I.., U. '.0. 1.11 1.1' •.n ••• I.n UT 1.41n uo uo 1.41 1.11 1.71 !.II 1.1. '.N s.c•• '.ll U. 1.21 1.21 '.H • .JSIS 1.7. UI I.CO 1.1. UI 1.71 1M I .• UIO 1.0,' I.U 1.11 '.10 UI .."Ie 1.77 U. U. UoS IN I.n us 1.10 U. 1.01 UII 1.11 1.1, UI •.nII 1.7. 1.14 U. .1.11 1.12 1.12 1.10 1M 1.12 I.N 1.01 1.07 I.U U. '.11I. Ui 2.13 1.34 . 1.41 2.10 I.t; I." I." U' Ui U. 1.04 '.OT '.11 1.1111 1.Ti 2.12 2.s" 2.41 UI U7 1.11 1.11 I.IT 1.12 1.17 1.01 1.0. u. I.UI. 1.7. 1.11 UI 2." 1.17 1.11 U. 1.7, 1.11 UO 1.14 I .• '02 101 I.&»II 1.1, 1.10 UO 1.44 1.11 I." 1.11 '.n IoU 1M UI 1M 1.00 I .• '.OTJO 1.T. I.e. 1.1. I.a 1.14 •.U 1.70 u. 1.11 ..11 1.10 uc I .• 1.01 ..0.11 l.n 1.01 u. 1.42 1.11 1.11 U. I.'. "'0 •••• •••• I .• I." UD ••n I.n I.e. u. 1.41 I.U '.10 I.IT 1.71 U' 1.11 UT Ltl I .• I.N ..0123 1.12 20T UT 1..0 1.11 1.11 U. ',71 I.n 1.11 1M 1.10 1.11 •••• t .•24 1.71 I.OT U. 1..0 1.10 I.U •.• 1 1.71 U' 1.11 1.11 Ut 1.1'2 U• I .•IS 1.T1 I.e. 1.11 UI 1.4' 1.11 1.14 U~ 1.71 1.10 1.14 •••• 1.'1 "'4 1.1'7IS 1.71 1.01 US U' I." 1.17 U, I .• U. I." IoU U. 1.10 UI I.-n 1.71 1.01 1.21 I .• 1.41 I." I.U I .• 1.7, 1.11 1.11 UI I." UI I."II 1.70 I.e. 1.24 U7 1.41 U' 1.11 I." u. I.n '1.11 •.U I.U 1.11 1.14te uo 1.01 U. 1.1'7 1.7 UI 1.11 I." HI U. 1.10 1.14 I.IT "'0 I.UJO 1.70 I.e. I.2l U. Ie. I.k 1.11 I.M Ul U. •.• 0 1.11 I .• 1.11 t.1'2J1 1.10 1.04 US U' I." I.k 1.10 I.M 1.71 I.n 1.7, 1.12 I .• 1.11 1.1112 1.70 1.04 1.23 UI ICi ·I.U 1.10 I.U 1.70 U. U' 1.12 1.11 1.1. 1.11SS •.• 1 1.04 1.12 1.11 I.Ci ·I.U U. t.U UD U. .1.71 1.11 I." 1.11 '.10S4 •.• 1 1.Q3 1.11 UI I." 1.11 Ut •••• UI 1.7, I.n 1.11 I." Uf t.IDsa I." 1.03 1.12 1.Ie I." 1.11 U. I." Ut 1.7, I.n UD I.U I ••• •••M U. UIII 1.11 1.Ie 1.'4 1.11 1.1. I.a 1.11 I.n 1.71 I.ID US 1M I .•ST 1.11 1.03 1.21 1.Ie 1.4S 1.11 1.11 I.a I.U •.n u. 1.7, 1.11 1.1, U.» u. 1.01 1.11 Uc I.U 1.11 •.•f I.U Uf l.n 1.71 ..,. 1.11 1.11 1.17J9 1.1. un 1.11 UI 1.41 1.10 •.• f 1.'1 1.11 1.71 1.11 1.71 Ul 1.14 1.'1.0 U• 2.02 1.11 us I.a 1.10 "" 1.11 1.17 1.71 US U. 1.11 I." •.• 741 I.U 1.02 1.10 I.SS 1.41 1.10 U. 1.11 I. 1.70 1.14 U. 1.11 I.'. ••••C2 I.U 1.C/2 1.10 '.sa I.CI 1.10 U' 1.11 U. 1.70 1.74 I.n 1.10 1.11 I."a 1." 1.02 1.10 UI I." I .• UI 1.11 ••• 1.70 U4 I.n 1.10 UI '.1144 I.U 1.01 1.10 l.n u. I." •.., 1.11 IoU U. US I.n '10 UI 1.1141 I." 1.01 1.10 1.11 '.4. ••• 1.11 '.ID 1.1. 1.1. US ..,. U. 1.11 '.11• I." 1.01 1.10 I.n I.CI I .• 1.11 '.ID 'oU Ut us I." U. 1.11 I."41 •••• '.01 1.11 1.11 I.CI I .• 1.1, t.1D toU U' 1.11 .." u. I.n 1.14•• I.U 1.01 U. 1.11 1.41 t .• U. '.ID ..14 .11 1.71 1.71 1.7, 1.11 •••••• I." 1.01 Ut 1.11 ...1 t .• 1.14 I.ID t .•• I ••• '.71 1.71 1.7, 1.11 t~10 I." 1.01 1.1. 1.11 1.40 I .• U. t." t." I.U 1.71 1.71 1.71 1.1. I.U10 •.•f 1.00 U. 1.10 • .11 I.• 1.11 t.ll 1.11 I." 1.10 •. n I." 1.7, 1.117D •.•f ..., 1.17 ..., U• U, 1.11 t .•• 1.1, 1.11 U. 1.71 1.71 I.n 1.1010 I.M .M 1.1, I .• 1.1, US 1.11 •••• 1.10 •••• ..., .." 1.'4 ..,. U,10 I." ••• U. ••• 1.1, •••• 1.10 •••• U• 1.11 1.17 ••• I.n I.n 1.7,100 I.• I.• 1.1. I.U U. I.•• •••• ..14 •••• 1.11 I. I .• 1.71 I.n 1.77tac'•• ',a.a.a .• /.,
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ao I." •.11 UI ••• •••• 1.7'1 '.71 ..,. 1.11 • .&1 '.11 •• 1.'1 '.tS I.•
II U. ••• U, 1.11 1.1. ".11 '.14 .m· •.•• I.ft '.f. I." I.,. I." I .••
II Uf '.CI '.44 •.• f 1.10 ,.., U. •.11 1.10 I.n •••• ..., I .• .1.71 I.ft
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n I.U 1.14 Uf ISO u.t u, U1 1..0 1.42 1.44 I." I." I. IU .UI. S.l' 1.21 I.U U. U' '.SI UI I.JI Uf U' '.CI ..~ I." I.n •••17 I.U Uf 1.20 .us u. I.n uo l.n I~ 1.111 U. I .• I.CI 1.4. I."
11 '12 S.U 1.17 '.1:) UI U. Uf ••• UI U. .s. •• ••• S~ I.~
al 1.(19 1.1, 1.11 "'7 1.10 I.n u. ••• u. UC ..1, 1.11 1M U. ••Xl 1.01 1.10 UI 1.1. '.17 '.10 U. •••• 1.21 '.17 • .Jt Ua '.IJ .~••21 1.01 I.CII 1.11 1.11 1.11 1.1, •••• '.la • .sa .~ Uf .1.• '.11) UI ••22 1.04 I.CII 1.01 1.11 UI '.1' '.11 '.10 1.11 '.D ·UI .." ••• U• • .11
IS lot u. '.Of 1.10 '.11 '.1' •••• '.1' uo 1.11 U. 1.11 I .• 1.1. '.Jt
24 1.01 I.GS I.OS S.CII 1.10 1.12 1.14 U. 1.1. 1.10 Ul I.IJ 1.14 ••• .."2S BID 1.02 1.06 '.01 '.01 /I.u 1.11 U. '.17 1.1. • .10 1.11 •.U U• •••

I H 2.11 1.01 I.OJ J.O. '.01 1.10 1.12 '.14 1.11 I.If .U '.10 •. n u• '.14
27 U. J.OC 1.02 '.01 '.Of '.ot '.11 I.It •••• '.1' '.17 1.1. '.Xl I.U u::s
u 2.111 '" 1.01 JOe I.OS I.CII 1.01 •.U •.U U. 1.1• 1.11 '.It ".11 '.n~ 2.111 ,... 1.00 I.o.s '.0' '.Of '.01 1.10 1.11 '.1' •••• '.17 '.1' .1.1, 'tl
JC '.tI Uf '.00 1.02 '.04 u. '.01 • .at '.11 1.11 1.14 '.11 Uf U. '.10
11 2.k ,.• 219 '01 I.OS '.CII l.of '.CII 1.10 1.11 U. 1.11 1.11 U. '.19
'2 1.11 ,.•. '.N 1.11) '.02 '.04 • .oc '.CII • .oe '.11 •.U U. 1.11 I.If ..US3 1.11 ,. 2.17 I." 1.01 '.at • .0& •.07 •• 1.10 UI I.U "'4 •••• 1.17
S4 1.12 I." 1.17 I." 1.01 '.at '.G4 •• 1.0. 1.0. •.U 1.11 U. 1.11 '.1'" 1.11 2." I." I." '.00 '.OJ '.G4 •• • .of •• uo 1.11 '.U '.14 1.1.• 1.11 UI 2.11 I." 1.00 1.01 1.01 •• l.of ••• 1.10 •.U 1.11 Uc 1.11
Sf 2.10 I." US Uf U. '.01 I.OJ '.Ot I.GI a.Of • .oe 1.10 1.11 1.11 H4
» 2.10 212 2.k 1.t7 I.N a.oo '.02 a.Ot • .oJ • .Of a. 1.10 •.u 1.11 •.U
a 1.11 1.t2 I .•.• I .• I.N '.00 1.01 '.QI a.oc I. 1.0. I.Ot a.1I a.1I •.U
40 1.11 2.11 I.•.• I .• J.N I." a.ol ••• '.G4 UII 1M I.Ot 1.10 1.11 •.U
41 I.U 2.11 U, 1.11 Uf I." 1.01 I.OJ '.G4 1M • .of .01 1.10 1.11 1.11
42 2.N '.11 2.tS I." 1.11 I .• 1.00 '.OJ '-01 1.01 a.o. 1.01 1.0. 1.10 ".JJ
41 I.N 2.10 UI I." I." I .• '.00 1.0. '-01 '.CII •• I.or 1.0, 1.10 1.11•• I.N 1.10 1.11 I .•.• I." I .• t. '.01 .-01 I.Dc •• I.Of 1.0. '.10 1.11•• Uf I. UI I." J." t.1f •• '.0. a.oJ ..oc a.ol '.Of •• • .oe 1.10
41 Uf •• •••• 1.1. 1.11 '.If t. a. '.oJ •• •• a.CII .M '.ot 1.10
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41 1M I .• •••• 1.11 '.tI I.• t. '.ID '.01 ••• '.DI 1.01 '.07 1.01 •••ct 1M •••• 1.10 1.11 '.Ie ••• •••• ••• '.01 •• '.DI 1.01 •• UII ••10 '.N I." 1.10 l.tI 1.1e ••• Uf ••• ..01 a. •• .:.•• '.Of I.ot
10 1.14 I. I.N 1.10 1.11 •.U 1.11 Uf •• a .• a.ol '.OJ •••• ..0& ••70 1.1, !.Ie I.N •••• 1.10 '.tI 1.11 •.11 '.M .1." ,.11 •• a. ..os '.04
10 1.11 t.U •••• •.• r u. 1.10 l.tI •••• 'M '.If •• I.• ••• '.OJ '.CII
10 1.10 I.n •••• ••• 'M 1.10 1.1. ••• .~••• Uf 1.11 I. 1.0. •••100 u. •.n U4 t.1I Uf t .• 1.10 I." U. t .• I.•• I.If I. '.00 1.01.c14r• ',e-I"-.,&t
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TABLE.

Hypothetical Croud- Water MOrUIoriq
Resulu for Two BackcroUDd Wen.-
Monitored Quanul, lor Two Yean

(repoNd ill PIli)
=
Well Quuter Ye&.1 ChromjuDl Lead BenuDe Toluene1 1 87 20 &0 Dd Dd1 2 87 Dd eo ad Dd1 3 87 .cO 70 ad ad1 .c .7 30 40 ad ad1 1 88 nd 30 ad Dd1 2 88 nd 20 Dd ad

( 1 3 88 nd 10 Dd 201 .c 88 SO 15 Dd Dd2 1 87 70 30 ad ad2 2 17 nd 25 Dd ad2 3 .7 ad 40 Dd ad2 4 17 . ad 16 Dd Dd2 1 II Dd 18 ad ad2 2 18 40 19 nd nd :2 3 .8 20 23 Dd nd2 .c 18 nd 35 Dd Dd ..Oft« lion Frequencey 44" 100" 0" 6! (det~ded) 31.57 31.31, (detec"d) 17.73 17.04
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ABSTRACT
F,nora (or, rw>1'TI'\&Jdistribution &It ,;..om IUd! that

one may be '" ronr.dCTIl dill die c-01idal predictioa
inlcrvaJ i! " or lht one1ided prediction intf'l"ftl i •••
•. ~ C'CftiUn ~ 0' Ihe j (1I1III'e·ftJurs. whert i aM I &lC che
•.•..onpk mUll ,nd .,ftdald deviation obta&nc-d (rom 8
,r~vs ftJllts. In Ihe eonlnt .r rrouncfowllrT monnoran,.
dw fvrure ","plu may rcpruelll M'W monitor"" walvts II
nd: of j dO'*'1'\&'"dicnt wells. ind the. prC'\"io". ~va
I:'IChtl>c die hiaorical ",on"0rittc ,cIUII~ r"r ODCor ~orc ...
"PC".ditnt wells. TIle Tall'" provided", Ihis paper aDow
&he C'Cmplltuion or Orl(1'idnf a.nd I,*,o1idcd "" prcdiclio"
itll~ for pr~vs IImpk sius of •• 4 co 100 UId
fllnm IImplC'l of j • 110 100.Modificatioll o( dlac .
inICTY&1S(or ioaof'lOrm&lJ), 4i.ribvlcd dlla ia a.bo ,relmled.

1. INTRODUCTION
The principal objective of Jfound ••••ater

monitorin, at hawdous wure dispos.&Jfacilities is
to empirically determine if on-site chemic:aJwa.ae
is miJratin, off-site in pound water. 'I1\e principal
method of Jfound .•••arer monitorinc involves a
comparison of spedfi( chemical conaituenu of
pound warer upcudicnt ofthe site with similarly
collected and analyzeod samples downcradicnt of

'Ulliwenil),., lOinoia. 'iolMtr~ 1.Ibonl."..IIIi••••
SUIC ,,,.m~uic I""itule. 1601W. T.ylor Ie.•Oic ••••
IIltrw>il606U.

• ft'ci~ IVM .fI'.rnoiid Aprillfl'.lcCtpld
April I"'.

Di.c"s.,," ullL'n .nlil J.n"lrr 1.1''''.

\' ••1 H. , ••.• t;I(()':~U "·.\TFtc J"ly·."u~"" I'll(:
/

the site. The null hypothc.sis or interest in J\lch
monitorinc prorrams is that of no difference in
chtmic:a! composition of pound waler uPlfadicDt
and dOWftCT'adicnrof the faa'liry. The Iocic in such
a comparison is that presumably. the ufITadient
.-db monitor Ifound '-&IU that is unaffected by
dae wlSle disposal facWry • .-herw the down.
padient wells arc in the path of ",ound water chat
no.-s underneath the sire. and therefore should
provide 11\ wly .-arnin, SYStemfor any potential
off-site micrac;on or hazudous '-ute. The validiry
or this monitorinc procedure;' .0' the foeus of
chis paper. The dC'Ydopment of a .aristicaJly
,corous hypothesis tC:lt"" serateo' ;, Ihe focus of
this paper.

If ,round water were in the form of a .-cU.
mixed undcrJTound river Of lake that spanned &he
entire area of the lite, the mOR direct approach 10
test"" (or uPI'adicnt versus downcradicnt
differences would be 10 obtain nlimata of means
and varianm Jor individual compounds (or aDu~
",adient wells and similar admata for aU down.
padient weDs. If the varian(a of thac two dis.
cributioDs were rellonably limilar. the measure.
menu independent (i.,., "Dt replicate measure.
ments obtained from lhe lime sample). and the
compounds in question had approximately normal
(i.I., Gaulsian) distributions, one could readily
~mpare the cwo distributions usinc Studcnt~s
, •• atitric for ad! indicator parametCf Kparately •
or if a surrtcicnt number of rnonitorinc .-eIIs were
a"ailable. all of the indtcuor rarameters (Duad be

·as
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''''IUUSUC v\naenon, 1')1)1. AIrClnati~J)', irahc
usumption or ~~o,eneit)' or variantt could not
II< saJpporud, c. CDulduse an unequal Yal'iancc
l-sutiftic such u Cochran's approximation to che
8dvens·Fishu 11utistic (Snedecor and Cochran,
1910).

From I ftuiaical perspective il i.un(orrunate
that the "ound~lter lake or river ulmple (aUs
considerably shon or reality. Cround Wlter ocC'Urs
in ,eoJoricIUy discrete 'qui(cn which ,enerally .
rno·••.·c extrcmely slowly (i.t., inches pcr )'C&I) and
. in rarc ClseS can exhibit I plume-like projeC'tion,
.udl thlt only localized ArCIS or the down"ldicnc
,coJory mly uhibit contamination. In liJht o(
this. poolin, information obtained (rom dO~I!-
lTadient wells, some o( which may be contami-
nated and some or which may be perl'ectly normal,
doa not seem sensible .

. If we canner estimate a mean and vULanct (or
a coVection of downtradient well measurements on
a pa.rticuw occasion, we cannot computc a
'''$Utistic. The rusan ror this is that a '-statistic is
appropriate (or the comparison o( two mean
vaJUe.5; however, if each downcradient weU is
cxa.mined individually, its measurement is not the
melJ'l o( any thin" it is simply a sine Ie MW obKNa,
ltan which must in turn be compared to a hinori'
a.J upgradicnt sample of measurements in order to
a.s.s.e:s.s its si,ni(jcance. Stated Jutistically. we desire
an interval or ran,e of values that will have hi,h
prObability of containin, an new monitorin,
obKrvarions. If the monitorin, proJTam invol\'¢s
multiple weJls, we must construct In interval that
will include aU of the k (uture observations. where
j is the numbtr of wells Itat arc to be evaluated on
the next monitorin, event, Intervals o( this type
arc ailed "prtdiction intervals" ~nd need to be dis-
tinf\,list\ed both (rom a confidence interval on an
unknown distribution parameter (t.,., a confidence
interval of a mean value), Ind (rom a tolerance
inter val which contains the nlucs o( a specified
proportion or the population with a cutain ievtl o(
confidence. Hahn (1970) illustrates this distinction
by providin, an examplc o( the t)'pical mronaut's
probJem. "An astronaut who has been assicMd to a
limited number or space flichu is nor "cry
interested in what will happen on the averace in
the population o( III spice fli,hu, or which his
happens to be a random sample. or even in wha'-.-.

' will happen in 9911,or the population o( such space
fli,hu lIi~main interest is in thl: ~'or~ t~t m••y
h••p~n ill the: one, n~ three. nr (in,: f1i~hts in "'''i..-ll

-.

-- _..- --rr-' vn ,••~ .n:a-lle antr,e popUli
or all spa('Cnichu rcprexnrs I CDnftdencc intt
••t ..,iIIhappCl'linm or the population or
'Plct flichu is a lolerance interval, and what wi)
happen in the neat OM.or three, or ra"e 'Pa"
nichu represents a pr~iction interval.

2. STATISTICAL DEVELOPMENT
Our objea.iwc is to def"ancan interval.1r(i,_;I-e"

th.t will (Ontain the nlucs o( In j (uture rncuul
IMnu, wherc i and I arc the sample mean and
.andard deviation nlNlatcd from the "aJues
z •• - ,- ,6. 0(. previous measurements; that is.

The orcirW - observltions and the addition
t Simples are assumed to be independent random
samples (i.t., not Inilyricil replicates) (rom &he
same normal distribution. For the case of a sin,le
new observation. Wilks (1941) showed that when
Slmplin, (rom a NCIJ, .') with II and 0' unknown
the cover'l( , of lhe interval

- - - _. - -- -
i.,. J

c· I ~ exp (-I ex _ ,,)t) 'y'-n 20
will on the a~ace be J - ., i( Ind only if

,. ,,/. • JIll "--I;al21

where "_-';&121 is the JOO(J -.~ point of
·'Student's" '-distribution with It - J de,rees of ..
freedom. .

Chew (961) ulended this result 10 the case
o( , future obscr\'arions usin, an approximate
conSftVat;vc method (or obtaini", predinion
intervals based Oft rhe Ionferroni inequaJily
(Miller, 1966). This Irproxin"tion leads to the
100(1 ••.• ). rwo-sided rrcdinion limit:

6 t .J I • II. " __I;./Zi J s

-:ncf.the 100(1 -.)~ one~ed upper prediaion
~n: . ~ .' _

__ ••.r· ... _

I. ''' ••• 11, '._-1.• ,11•
It.hn lI~(,9" !'II , I ,}7o) "''''II''J~'''Jr""'U'h ,-=,.::;





•••••-•••••••••••••••••'I•••urn"r~ ana IOUnQ Vie appro.·
imation to be Sltisfa.c:lory for pnnic:aJ purpoJeI.
Co"'fluUoft of "IlL .ft Tables 1·), which prOt'icle
yaluc:t or ,.Cl, -; .99) (or _ • 4 to 100 and 1 • 110
100 for onc-sid~ inrC'N11s.and Tables ~ for chc
C'Ol'TnpondinC two-sidC'd intervals rcvw thaI on
the averace. the bias is ku than J~ with. maximum
dtviation ef 7~ rorll • •• and •• I. In f.ct, for
- > •• the bi.as is never ",eatt: than 1~ rqardJcss or
t. The small bias observed for _ • 4 is alw.ys 1ft
unch:nstimatc, thcrcfore,lhe approximation is

Ml ~ uJe'Cf in praer;cc. Forexunpk. &heci..a
.M-cail~csull for _ • I S and.l • 4 is
r(4.lS i. ,). J.42, .nd 1M approximatc nJuc
In'en in T.ble I is J.43. Usi", thiJ cxample in.
practical.application. we would compute the '"'
upper prediction limit as i • 3.4h, where in this
cxamplc,.i.nd I would ~ computed Oft IS b.ck·
",OUM CUPCTadicnt)mCU\lremenu. and neh or
me rour new moftilorinc Cdow~adicnt) mcarwc-
Inenu would simply ~ compared 10 chis limit
••.• ue,
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3. PREOICTION LIMITS FOR THE •j - , lost (%i)/"LOGNORMA.L DISTRIBUTION ,-a
"'hen dau e~hibit a (tw c~vated values such

•tl\at the frcquency distribution is "skewed" wilh a and ,t •. ' lJo&, (xi) - j)l'(. _I).10,., ri,hr ui1, estinllres bastd on the auumplion pI .
o( normalir)· do not apply. In pr.er;", uansforma.

IIS~d on • 'HUIt obtained by Dahiya .ndtions o( data are ustd to subi'iu variance .nd
Cunman (912), the JOOCI - .)" predictionbrin, about normali:y (Boxlnd Cox, .'64). un0'\'1 , has the familiar formPcrh.ps the mosr conlnlOnly ustd trandormllion

in 'his situation is the natural 10&transformation
cap(ja ,f ••• 111 ".-10.,'1 'I.(Aroian. 1'41), where % is aqnormal random

In li,ht of rhis, the \'Ilues in Tables I. J m.y be\·ari.b'e. such rhar)' -to" % •• N~ .• '). \Vh~n
" 'N .t are uni;nuwn, "'e mJ~' suhRirute rile UK'" 10 o'uain ,~ one-sided ,~ prediction 'imir.
u!':~pl,'~ i:t:;II~" .r- .wJ 's: ~'hcr,'
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MWOl J .", ••• ..,aup (j t ,(1. 8i .,,) I)
MWOI 4 .,., - 24 •.•a

A eere or caution must M n~ rqardinc the MWOl • It" '7 , .• J
we or ~, tr.nsformation in caJC'Ulatincprediction MWOI 2 It" , ..,t

MWOl J .,,, U I.••limit" This point is bCR ifluJU'atC'db)' an uample.
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c:nimatf or .'. . aibution that is skcwed 10 Ihc richti Ihcrf(orC. Ioc.
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rrlnsrorm~rion Ipptars to be ~ natura' choice (or
A'ternuive'y. i( we directly e$limalC:the mean.ndbetter approllinlltin, the assumed norm.'it), of the
.,ndard deviltion of the Io,norm., distributions:ar Is:;c.1 procedure. Indeed. the tr.nsform.tion
(Aitchison, 1955)."'Cobtain (or Ihe 9~ predic,appcaa to h.ve IOmntbu normalized the disrrwu. lion limillion of these nleasuremenu.

Assumin, that we .re internred in cv.luatinc 2' .•6. 27.7'(5.16). 1U.7) pphI sin,le nc~' downlfldient measurement. the 9'"
.nspcnion of IhtSt three predinion limiuprediC1ion limit blscd on the ori&inaJdata is:

rnouJs lhallhe esrimale baRd un 10, tr.nsformed27.00. 20.97(J.J6). 9J.27ppb
diU is remarkab'y elt\'1tcd relative to the norn'al

,,·hereas. Ihe ,~ prediction li"'it (or the 10: and IoJnormal inten'l' tSlimltt'S. The IoJnornQ!lransfOfftlt'd ~atJ is: prt~i~ion limit is. of CpurIC incI)rr«r ~raulC th, ..
us.: ••i thC:R lin,ir~ '~"'n~ts a 'nnrnI21c1ivribu, Win"xr /2Yli •. 95(16)/ & JK~ J'J 1'1,1,
•.•., \' ..• "".,C.h 'h,'~ nrilll,;u," :I": h.f"'·~ Itll I.t!". . ~
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purpotes. ~nvcrlcly. tnc 1n1'!1'Va1CRunllC
obtaincd (oUowin& Io-ransformation o( the d.ta.
• K'Cmin,ly Ilandard _ J bcn", prlctice. is
cztremcJy hich and is likely to lead to elevated
fals.c necative rates even (or lii>eraJeffect macni·
tudes. In (act. the limit value (or the Ioc craftS·
formed dati is .Imost an entire order or macnitude
.Chcr than the maximum value in the b'ckcrouftd
sample. It is (or this reuon that Joe cr.nsforrnation
InU. be uled very caut~"s'y when ClulanactUw
prediction intervals.

In.r DOt" the orieiNl obtervations "' ••• -' •••• )
and the r~re ObJCl\'ations "' •• t •••••••• A) arile
from the _ .oe probabiliry di.ribution. ftlmely •
NClJ •• '). SinC'e. in practice." and.' are unknown
qu.ntitks. we milS! estimate their "alue (rom a
nndom sample or previous measurements by
obtainin, the su(ficicnt stlti.ics i and I. th.t is.
the sample mcan .nd standard dtvi.tion. If our
b.cilfound measurements consi. o( multiple
quancrJy IMuurcmenu or. si",1c weD or multiple
uWadicAt wells It • lincJc time-point.,

TIb••I. 'actOt1 r., Obtlin" T•• ·SW..,M Pr..,ict." LiMIte f•• k
AMitio~Sa"",,"Gitet\ I IHlkI'''''' Sa"",. et SiI••

p.....-w If•••• fII ••• __ a E. ek'
• •• U " " • h ft •• H " " II " 10• 11.'4 11.10 IJ. a1JO Ii... II." ilii) IUi 11014 Ii .•
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analysis or variancc model lite Winer (1971),,: . ,-
(x. - a)'/(" - I) is an unbiased ~stimatc or

pa,c 427. for a similar example). Here, we arcI. 1

rriodcJinlthe blc:kpound measurements in ttrms.~. How('\'er, whcn mulriple uPlradient wells art
f'\2!;"tcd on sevcral qUlrters, the prn-ious or two random fitton correspondin, to wells and
f'q~u;on yiclds biued rnults unless we mike rhe timc-poinu. The ,cneral (orm or this model is
d~onstrlbly fallt assumption that tempor.1 and livcn by:
sratLaI \'ariability arc identical. a', • " + Wi • 'j + "

The unbiased variancc eostim.te (or the alt or
where 6, is the ~asurcn)Cftt Oft badtJround••• ttiplc uPlradicnl wens and multiple ump1incs--_--
(uptradicnU .~D;on U(!!inc ~".!,j;,,_is~~_~~or neh wcll (IeJtered ar sufftdent intervals to
una-no,,·ftmea" 1ft~1(or aclt,round mtasurcnlCnts'- irtAlrt in-dqxndenee, for cumpl",. quarrcrlr
"" . I\·cr" •.-d aCTO""'('II~and tin,e); Co:, is a random'-D1i'JI:'I~',·.Inhe olJuin.c.'d(rnm rh\." ',IIIdQIII ".JI•."·u
\ .•~iJ!"c di\lrilm,a! .\(CJ. _!. J r'w d,,~ibc~ the

"'-1





-_ •••••••••• ~•• \..,. "" ~'N\ V~~ UK aC'Y1l~n at
time i (rom II iand ,.:.:-U a random reDdu.aJd~
Uled N(O •• :). AsS\. C aMeptndcncc ohhc •.,.
the upected Me 0(. mcuu.rCIncDI is:

E(1t,). ,

wizh yuiance

V(1t··) •• ' •• ' •• ''I W , ,

This model tonC'Sponds 10 what is termed a
NMO",iv' b/od ',n", in eM .atisticaJ literaaue.
and the upectcd lnCansquare lor the wells. time-

. poinu. and residuals arc Jiven. respectively. U:

MSw • I.:" •• :
•• ,.t (x; - il'/(u - 1),-I

• v.' •• ', ,,
• v I Ci -i)'/(t - 1). 1 J/.

. ,
• I .I (ltij - ii -ij • i)'/(VI - J)(t - 1)

,. 1 /-1

where 1t~. is the measurement (or wdJ" on occasion
j; VI iI the number o( wells; 1 is the number of
quarterly mcuurcmenu per weU;Xi is the InC&J'l (or
all meuuremenu from weU i, il is the mean for all
measurements (rom time j; and i is the mean or all
measurements ICfOSSVl'ellsand times.

Solvine (or the individual variance componcnu
.L.•:.and .:. we rand that:

AUw -MS,.' .-~--w
I

MS, -MS,.: .----w
and

The unbiased estimare or the lotal variance is
thererore:

V(ltij) • .:., •• : •• :

MSw - MS, MS, - MS, M·"· · ·~,, w --The above ~o:dcr IIsumes~llu In weDsarc
measured at the s.ametime·poinu. Ind thus. the
t~·o r'ClOrS arc rei"Tred to as ··crossed" factors.

weDs ~ bc-..,med to be equal. then 1M ciIDc
,)int (t-« isu to be "ftCSled" within eM well
faaor ~~...;W"AMr·(l91n. ,ace '60.fora deu.ilaf
desaiprion of ftCSled(aaor dcsips). This WCM&Id
~CW, lor inJlanc.c. if the b1dtcround observac».
lor ~D 1 were Iftade quanerly in 1972. while me
oblC:r\'ations ror weD2 were made quarterly iD
1976. and those rot weD J were made in 1" S,Cle.
nis nested InOdd is riYm by:

., • , • "'i • 'i •'i
whcr~ "i. ,~"'i. ud 'i are u bdorc, while 'i ia a
nndom variable distributed NeO •• ;> that dcscrb:i
th~ deviation of wcD i at time j rrom the o\'CraD
mean nJue loe we'; '" • Wi) '''"aced oyer time.

I( IImptinc t¥CnlS are "nested" within wcDs •
the expeaed mean squares must be modified to
reflea this cfesip. SPfcit'tc:aDy.the u:pcctcd IDCaIl
square (or the .·cDs is:

MSw • I.:" •• : •• :
•• , , (ii~"£)'/(v - 1)
iel

while the mean Iqvare (or time is:

MS, •• : •• :. ,
• , '(I-"-i')'/(,,(I-1))

1-1 i-i ' •
With time DCSredwithin wells. the error term

.: C&Mot be teparately estimated since there ia
only one Ob5Cn'1tion per weU x time ceU. Thus.
IOIYi", (or the indivtduar \'IIiance componcnu .:.,
and .;, we fand that:

, MSw -MS,·w·----I

and

.The unbiased csrirnare or the lOUr variance is DOw:
V~ij)· .:., •• ; •• :

MSw-MS, MS. . ,,
• f,i; - I)' .' , ~ij - Z)',, -, ,
;-, (w-I) ;-, ;-, (v(I.1)1._-----------1.- ..--.~-.-

• , (It,; - i,)'
• t ti-' j-' ',",(I - 01

"'6)





nnuu:'c mlmate Inat assumes fCiuaJspatial aM
I~ral yariabiJity,J.,y upccution (the author is
,utcf~lto an anon~ .QUI rMcwc:r ror raw", this
PO"'t):

,
•

wf\CI'C " is the toul number or measurtments. This
C'qu.ation reveals that " wm always underestimate
V~.). For uample, with two weDs and (our
Cluancrly measurements, the concn"bution o( the
weD variance .:., is underestimated by 4J~. The
addition of two uPeTadicnt wells decreases this biu
to 20'%. and the addition or a second yc:ats back.
.jfot.znd increases the bilS only sli"'tly to 2 J~.

When multiple upgradient weUscomprise rhe
ba~ound sample, the unbWc-d estimate Y(.a-ij)
should a/1:JQ)'S be used in plaee of ,'. The ampor.
ta.ncc of usin, multiple uPITadient wells is due
both to the l&r,e spatial variability that is com.
monly observed (or naturally occurrin, constituents
of ,,"ound water and ~Cluse it eliminates the
confound berween spatial variability and contami.
nnicn. In the case ef a sinele unradient well, an
uPrTadient versus downcradient difference may
rdkn either spatial variability or conumin2tion
(i.'., there is no estimate of .:.,). In contrlst. when
m~ltipJe upfTadient wells are sampled, an estimate
of spatial variability.:., is .vailable. and the result.
in, prediC'tton limit will provide (or spatial e((ecu.
A aitica' assumption. howC'YCf.is that both 'patial
and temporal variability arc the same ror uPeT.dicnt
and downrudient locations. This is • n>mplex
pro~lem. and the feasibility o( this UNmptaon
sho\JkI a"'•..•ys be e\'aJuated on a site-specifie basis
(0 br in, into consideration hydrolcolol)' as weJlas
prc:,kms with previous condiltons and lOurces o(
o(l~;te contamination.

5. ILLUSTRATION
Consider the followin, data for pH obtained

from rwe uptradient wells each with lour
q~artcrlr measuren\cnu.

Q\la"~, Upsracficnl wd1 2

7.1
7.4
7.;
IC.O

7.7,..,..
II.V

_., .

...•..

- -,"'.~··'·'.f••.V. ~".1".7.'.'.0)"-7.70
•. a· (1.1. 7.4.7.7. '.0)/4. 70SS

'welll - (7.7.7.'.7.9. '.0)/4.7.15

MSw• 4(7.55-7.70)'.(7 .•5-7.70)')/(2-1)-0.1.0

MS, • «7.1-7.55)' • (7.4-7.55)1. (7.7-7.55)' •

('.0- 7oS5)'. (7.7 -7.'5)'. (7.' -7 .as)'.
(7.9- ~.'5r .('.0 - 7.'S)1 J 1(2(4 - 1»)

-0.01)

The resuJrinc Yltianct estimare. are chcre(ore:

I MS..,-MS,·w · .f

• (.110 - .08)/4 • 0.024

.: • MS, • 0.083

V(l:ij) - 0.101
A. expected, the bWed variance estimate,I_.091underestimatcs Y~") since, in chis
ex.mple, " - 4n.:., • _: • -1. The variance
estimate (or the randomized blocks dcsicn
Y(.l';j) - .120WIJ IOmN'h.t brier than the result
obtained (or the nc:sredmodel, beClv5Ca unique
estimate o( the rcsidu.alerrer is aVlJlable
C.:., • .031,.; • .OSO.and .: - .OJJ).

In terms o( eSliblishin& prediction intervals
(or (uture obliervations. we obtain the foUow&n,
estimates (rom Tables 4-6 uNmi", the more
leneral Msttd samplin, dcsicn (i.I .• the time.points
arc not the same for all weU.).

NurMCI.r
4ow"lradicnl

wcUs Prt'd inio" ifnC1"ft!

1 7.70~U7(J.lOl) • I.C9·I.tl
2 7.70t 4.20(J.lOl) • 1.32. t.OI
~ 1.70~ U2(J.l0I) • 1.22• t.1t
C 1.70*U5(J.10I) • '.13. '.26
I 1.70t C.t4(J.lOI) • 1.01. '.S2
I 7.70* S.ot(~) • '.03 • '.27
7 1.70~ S.22(J1Di) • 1.11. '.C2
I 1.70tU4(~) • I.tc· '.C6• 7.70ZS.C4(JlOi) • . I.tI • '.C9
10 1.10t5U(~) • 1.11· t.52
10 ,.70*""(~) • 1••• • •. 12
30 7.70 t I 13(".101) • I.IS •• .15
CO 1.70t III(J.IOI) • I.".'.t4SO :.70: ~02(J.lOI) • 1.39. 10.0.
JCo') :.~U: U:(r.oi) • 1.11. 10.24
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-ene.year), rhe pr.dtnion intervals would n.e
(tom 6.7~ ro •. jor I Jirack clow"C'lclic," weD
105.94 ro 9.46 (or I sire with 100 down,racfienr
••cla. assum~ thlt iMd V~,)rema.ined
CD n,su"t. .

-'
•. DISCUSSION

Althou,h the suti.tal rnonitorinc IUlten'
clC'Ydoped here may Ippell CDmprehmsiw. ir is
onty a small rar. Slep. For example. none o( the
methodololY pre5mred here is clirecdy appropriate
(or the analysis of indiator CDmpounch that
exhibit values below mnhod dcuction limits. or ,0
underected in a proportion of the sample. PCI'haps.
the simplest solution re this problem il to UIC' the
prediction limiu devdoped here with C'Rimatts or
the mean and vllian« of a'«nsored normal clistri.
bution (Cohen. 1961) or «nsored lornormaJ efis.
tribut~n (Aitchison, 1955). Usinc rhcsc proce-
dures. hewever, it is nor It aD clell how unbiued
va..ri.a.nceeStimates would be obtained, uare
cft:s.a ibtd here (or the a.sc of complete inform •.
t~n. As an even more extreme omission. the
stratcgy presented hcre is complC1c1yinlppropriare
(or the analysis of volatik or,.nic compounds rhat
ocC'Yt in less than 5~ of all mcu\lrcmenu obtained
(rom clean uPCTadicntwelh, trip blanks, and r~1d
bla..nks (Plumb and Parolini. 1986; Hurd. 1917).
Inspc ctions of the5C potcncialJy uscful indtcator
compounds S\lUest that they may arise (rom.
Poinon process (Cibbons, 1987) or pouibJy CYen
a ce.nsored Poisson distnDutton. Stlti.ieal methods
(or monitorin, in(requently deteC'fed compounds.
svc::h IS the volatile or,anic priority pollutant com.
pounds are sorely needed in JTound-Wltet
mot'litorin,. and sutistieal r($Clleh in this arCi as
Rrot'l,I), cncouraccd.
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Statistical Models for the AnalYsis of Volatile·
Organic Compounds in 'Waste Disposal Sites
by RobertD.GI*nII

ABSTRACT
• 'T1" oc ~'" Cler 0110- ~ hits 01 toOluilc OfIuUc
f.oo riry poll.., un! compCN rtdJ is ILl: _i.C::aDY~ u •
Pcisson p~ Jo<ethod.s U"C4~"'pc:d to SaaatC die
r.c.aJ'\ o( cb< Po~1I c!~lItioD (0( , rvtdom ample 01
WIOta! U( o'lU\ic mc:uurnncnu II wcD as ~ pf.icUoa
lDiu AM ,'" rolc::rUler 1AmitA.1'1IcprwdicUoe iNa
prc¥idc &1\irltcM SNlt dlar.iII indlMk waa.a
~u.iM'lf for .r Kzt i funarr ~rc:mcllU ~ .ft •

ample of. Pft¥iousmcuurClnCftu •• 11ff'S "'''eft.
n( lOicra.Mt liIniu p,cmd( &II ir"~ SimalC ror &he
• pr~u. ma..uclMftu ~ .iIIcofttlill ~". .r IN
pcpulattoe of ~'C'\rOIl"" ntUolfCIMIIU •• h ,,~
conr.smt'C. 'nett ~ods art iDll$Cl'llet:f.in --=... n~
IDC'fIU obtVd from '1 r.w ~ww." en, .Ul.a.••••
I" I&II'Ip~ obu.il'llllf from 2f .Pf"4ielll ••db. ~
"f'diC'tion &lie! lOIcnM'C l&rniu yicWf'd em-cmdJ .".n.r
rau lu ill aDWft eumpln.

1. INTRODUCTION
The C'WTcntrCC"latory appto~ch to pound-

wlter ",onitorin& at ruurdous wute cfisposal
(acilities rdies on "indicator paramc(cn·'co
mabli.tl (he need (or ",ore cxtensive challnCFiu·
t~n or cround-water ",onitorin, S&lnplcs.The
critial usumptaon undcrly&rc chis RratCIY is mil
c.hc K~ctcd indtcator para",clen, pH. specirac
conductance (SO. total Of,anic C'lrbon (TOO. and
lOlll or,anic halo&cn(TOX), ,ellen IcYclsof four

I UI\i9cTlicy.r lHiMii. 1.!MUic LaMraIer,:.lIiMia
StllC "sychiauic "'Riune, 1601 w. TI,1or Sa••0ac ••
UIi"", •• tofU.

Acefitd 'II'" I'''.rnoiw'Aprilltn. He."
Arril 1'''7.

U•••·"''-.fI n""n ••ftlil )\,:(:, I,"".:.

major pncriry poDuunt ,,"oups (volatiles, blKl
"Ntnls. acid UlIlctabla, aM pesticidcs). Ifmex
fow &Mator parunners ~td serve IS rc::uonabk

. surroptCS (or the utensM list or priority poDuta.Dt
compouads. sutisricat ",onitor' '" of thac fow
compounds could indicate when analysis of*
more cxtCftSi¥c liswas required. Iued on a tmd)'
or no aRe LA aM ItCRA sites &adO¥Cl'1000
elcrntnu and compouMs, Plumb Cl98') hu
dClnOftftJ'lled that inc:rc:ues in ~ four indicator
paramc.rcn lie nrdy accompanied b)' inc:rClJeSill
the levels or priority poDutint compounds .•• (aa.
che concorda.nC'Cntes -ere onl)' l~ for TOe.
.,,. (or teX. Jft (or pH. and J~ (or SC.ID
concraa. ac or"e J2 wolatik OfJanic priorily
ponutlAt compounds (VOC) as indiCitor
pararnncn produced a concordance nte o( ~.
and the ftMTelationberwecn the number o( detected
VOCs and che tow number or priority ponuCMt
compouftC!sdetected was, •• t7 (i.I••VOCs
accounted for ,.,. or the Ylriation in chc local
"umber 01priority polJutan( co"'pounds cfC'lC'Clcd).
In fact. .9 out of the top 50 dneC'tecf contaminants
were either VOCsor cfiscretc pain o( vOCa f#.,.•
bcnlene aM chloroform cfeteC'tcdin the same 1CIft).
'"'is randi", also holds for t7 our or the lOp 100
contaminants and 1.9 out or the top Iso contlln;'
aants. 'ncK raults taken as a whole dearly indicale
the superiority of VOCs u indicator pararnftCFS
relative 10che ament UK of pH. sc. Toe. aN
TOX.

AINulh VOCI filly proYide a IftIjor imprO\'C.
Men( owe the prtvious indicator plrall".acrs. they
Ife (II more chabencin, from I .ltiRial ~c.
1M. For "1"",1e. Hurd (1987) has shown mallow.
~'CI ""hilS-of VOCs Irc (uund in IrprOxirnalel~·
S"J:. of "'" l.b"b. fid.' "bnL;... 2ncl ,,-1.:3" ulY'ari~~1
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rlCld 'Ianks. rrip blanks. ~ dean uPl'.d~nr wells
ClrU>itS ~irtu.Uy identic ancrns eRe T.ble I).
Similarly, when compartG CO dow.,-.diclUcfata,
1M same 'ow·level hir distribution obllClWd in
blanu .nd uPCT.dienr dlfa is found. however, in
the CU( o( downcr.dient wclls a ~nd elevated
component distributton is also obJCnled Clce Table
I). This elcov.ted componenr diariburaon
presumably renecu those values obtained from
conuminated wens. Simple inspection or Table •
""csts th,·t Iow-lcvel Mhiu" arc common in the
.e-ee ppb rance, whereu the contaminant
cfistri>urton bqins bcrwcu SOand 100ppb.

What should be immediately obvious from
Table J is rhat whik VOCs arc detected in back.
crouDtd meuuremmu. their frtqucncy o( delectton
dassClCS them IS rare events. In lichl or this, it win
uke. (ons;derabJe amount o( monirorin, to
establish a site-specific backcround that is suitable
(or sutistica J predictions or limiu (or future
dO~·I""-l"adie n [ measurements..

2. STATISTICAL PROCEDURES
2..,. 'rediC'tion limits for • Normal Distribution

lrupectton o( the dau in Table J su"ests
,,'''CTal siuistical approaches. P~haps the simplest
proced\ue is to irnore the nondetectecf values and
compiolte the mean and standard dtviation o( only
these nluC"S that were, in (act. detected. Gi~en the
k,,,,, rcht ui1o( the (rtquency diruibutions in
Table I.we mill'll (irst uans(orm tht data by
uki"" nuurailocarithms IIId compute the mun
and sundard dtviation on a Io,arithmic scale. For
example. the mean and standard dtviatton (or the
12J ckancd field blanks is 2.71 t 0.31, (or the 16
dettC'ttd trip blanks is 2.67: 0.47. and (or the J9J
dtttned "alues (rom the sample or 29 unradicnt
wdls is 2.80: 0.38. Civen these sample estimates.
we may compute prediction limits (Hahn. 1969;

T• ., 1. , '''''''l'W:y O;",.",t;o'\I fO' 'it" Jr. ••• ,Tr.
I'",. Cltlft U",'ldit", w,n,. a" o.-.,lditftt W, •••

teW ~.
•••••• ""._- 0::••.••••••• ••••••• ••••••• • • • • • •• 1.1 •••• (la, In, ••• iiiil •• lI'i,••• ., (ftl e' ,- .,.., - .e")•••• t. (U.) • JU .4 .. ' - 14ft,t•• • IIftl t a: 11ft) • Itft'•••• I II•• , • • ....., • ....,••••• • 11·.1 • • ....,., • "ft)•••• • I II.", • ....., • ..,,'"·Me • • -. • ....,

••• • • .: II":....-:;~;..-.-6'-V----..:-------::j-- --..~.. - . '"' .•. ..- •.••••••.•~ •. * ....••.~ •••• ~ r- .,. -, '- .•••
'" •• #" •. -;

.,WO'l· .nu \lunma". 1"2iGibbons, ",7) that
WllIcontain altor the nt~ A VOC mc.asurementS
with m COr, :ncc. I" lhe present conteat, A
rcprcscnu the number o( downcradient monitorinJ
Mils. For eumple. if we wished 10 obtain a limit
"'ue that would include the next Jincle ob"rva'
don, IS'Nmi", that we h.d estimaled 1101 and IIoc
(rom tht sample of rltld blanks in Table I, wc _
would apply the CCI"ahon:

up u;.. +".+11. "'-1.•' 'Ioc J
which in this cue would ,add:

ca., (2.11+ ". + 1/12J 2.J7 (0.'7)). ' .•.••

. or J9 ppb. Similarly, the m prediction limit
"ased on uip b!&nltswould be:.

op (2.67."I. In6 2." (0.47»).44.52

or 4S ppb. FinaUy, the 9~ prediction limit bued
on the 29 clean u~adient wells would be:

cap (2.80. "1 + 1IJ2l 2.JJ(0.JI»). )9.92

or 40 ppb. 'lbae randines conrarm what is C¥idtnt
from the (requency distributions in Table 1;
namely. it is rare to rand a VOC above 40 ppb in
Irip blanks. rltld blanks. or dean uPl"adicnt wcDs.

StatisticalJy, dI~e arc two unattractive
'aNres o( what hu ju. been prcanted. Fim, in
lerms of our mimates (or the sample o( uPJfadicnt
Wells. the sample .andud deviation is. biaxd
estimate o( the populatton parameter ., unless we
. assume that femporal and spatial wariabiliry arc
equivalent. Given thll VOCs arc DOtnaturally
ocnarrinC COnstifuenu o( cround Wlter, this may
bt a reasonable assumption; how~,. more
.tat;stitalfy riJorous approach would be re
compute the tOta~~arianc~ VCzi]·). whcre.~ii is the
measurement on well; (or monitorin, event i usin,
a ,.,,,/0,,, 'llteu analysis o( ~ariance model (Winer.
1971, Pile J6O). Dctaib (or obtaini", unbiased
estimates o( • in the conlUt o( around-water
InOnitorin, lie described by Cibbons (198') and
Slarks (19'6).

Second, it is di(rtallr co jURify simply icnorin&
.hose Yllues thaI are nOI detecled in compu1inl
caimates o( II .nd •. Alternate proceclura for CSli.
InIlin, the mean and nriance of a "ceuored.'
ftOrmaldistribution (Coha.a"1) or"CCftsored"

.~notmal disuibution (AiachilOn. a'marc
.\·.i:ablc; however, Ihnc csrirMm arc amtftlly .
i"·rr'"priJle (or b.d'"uund Sln'I'lcs in •.••ieh
Itn::-· S.•.••• :' tI.e: .b:~2'': ~""1I1r -I'·h:'·I\,,,I.In the:

o·
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(0110win, Itnto modd fhat inCOrporatClboth
d"eC1~ aM nonoetea~ woaJuc:sis prexnled.

2.2. Tht'oiuoftD~
In lU7 'oiao" published thc clcriYltion 0(.

distribution that bean IUs &llnC.'oislon'. approach
was to dcri¥le• distribution (01 • lertes or Ncpcn·
dmt rvenu in which thc Dumbero( Irials WCfC
wle, thc probability of eM O(C\IrrCftCCo( the
outcome was srnaD,and chc probabwty ranained
COnstant ot'Cr mals. In cht·c:lusic DIUlU'ltion of chc
'oislOn disti-ibution,lortkiewicl (I''') CDnsidered
.:he numbe or deaths from kine kicked by mula.
per annum, in the Pruuiul Army Corps. III Ibis
cast. the probability of dc.adsrrom this cause wu
.-nail. and the numbe of IOldicrsuposed to risk
was !ar,c. "Student" CW.S. Coss.ct) in 1907, used
me Poisson distn"bution to represent the number or
p.ar,icks f&1lin& in a.small area when • wee number
or areas arc 'PrC3id at random oyer a NtfaC'C.
Similarl),. Ruthcrlord ud ~er (1910) used the
Po uscn dim ibution to modd VV~dON in the
Dumber o( pankles emitted by a radioaC'tiyc lOurc-c
per unit time.

In more rcC'tfttyc.an, the POLssOndistribution
ha.s been uled to chanC'lerilC rare ('Vents such u
suicide rates and the number of mutated c-cllson
puteS containi", lot «lis.

In the contut o( Jfouncf-watcr rnonitoran"
rwo applintions of the Poisson disuibution
become rvldent. First. the number or "hiu" out of
• lar&enumber of VOC mQ.SUremenu could be
modeltd by the POWen dian'bution (Si)yer and
Ounn. 19.6). ~cond, we mictlt consider the
moleC\llc as a unit of obleMnon and postulatc
that the number o( molcC\lIcsof a particular
C'Ompoundout of a mud\ lar&ernumber o(
molcC\llcsof water is the result o( a 'oisson
process. For uample, v..c micht consider 12 ppb of
benzene to reprc:xnt a COUIM of 12 unit. of
benzene for C'VCrf biUion uMs examined. In rhis
contut. 'oi$1OI', approlct. is jufti(eed in chat thc
num~r or unirs (i.I.•molccuJeos)uamined is laree,
and thr probability or Ehc occurrcncc (i.I.••
moltcuk beinc dassi(.cd asMnlcnc) is small.

As an iIIusuation or the 'oiston distn'bution.
consider the dlo ror (.cadb!a"ks irt Table 1. FirR.
let us uaminc the qucstion 0(. on ehe avenae. how
n\lny dC1Kt~ compouftds can be uptC"led 10 •
OCC'\lr~r Kan or J2 compouftds. The probability
or a scan ~'t~.lct!r~$iciiCd compouftds il: _

••
!lx. ." • - c'"

"
' ..

.,,

wher ~. 0, 1,2 ••••• and e ••2.71'. The lena
" is the mc&IIor the POWon distribution; that iI.

ror which the samplc mcan is the unbLued
estimator- chat iI.

_ N
J. ~. % .;/11
. lal

For cxample. chc probability of a ample with ~
dctcaed compouDds is:

1(0,6). c·,
.,..cr the p'obabiliry or a sample with threc d~eaed
compounds iI:

The expeeted number or sampk~ with thrc-c
dctened compound. il,rhudort. -/U. 6). where

. - is the number of ampla.
Turninc to our examplc or rteld blanks ia

Table I. 12)detections are rcponed (or 611CaN.
thercfore. i •12)/'1 or 2.02 d~enions per -=an.
The probability of. sa.mplewith (j¥ledetected
compounds is thcrclore:

. (:.0:)' c·2.02
/<5.2.02). 51 -O.OJ?

and we would upKI '1 (.OJ7) • 2.2' out o( '1
samples to ha¥le(lYe dctened compounds.
Similarly. 1M probability or five d~ected
compounds is/U,I.J6). 0.01 ror uip blanu and
/U. ·2.42) - 0.06 fOl the sample o( 29 uPlfadient
wells. .

AJthoup this uample nicd)' illumates Dc
use o( the Poisson distribution, it IIY' nothinc
about the CDncentration or in"diYidualdClCC'tcd
compounds. For cumpJc. (our compounds
detected .t.O ppb would provide cKlnly the 111M

probability caimate •• (our co"!ro't.nd-.dctftud
Ill,pm!

Second.lct UI e&amine lhe caie in whie the
molcC'U1cis the -nit or obJtr'Yation. Returnu. 10
&hc(lCid blank uample. we rlftd 2120 ppb OUt or a
101I1 or 6 I IImplelilhcrdore. 6 - 2.20161 _

- '''!:1-s' ,pb per sample. nc probability or. ample
. .·ith caacdJ,jO ,"- is Ihcrc!oec.:~ . .::::...-:::. rir'.'-

(J4.7S)" e·J4.7S
!(4O. "'.75.'· • 0.04

40'





Ont poSSl'bltdecision rule chacCln be
,enerlled (rorr POWon distribucion is co
Q)mpute I limit •• lue chit will concain ~ o( che
prnrious bacil'ound mCaJUrcmenu with " ••
Q)nrtden«. Individual new downeradienl sample
nlues micht chen be in(ormally compared 10 chis
lolcnn« limit. HOWMf, this compariJon doa
ftOt. in and o( itsclf. coMirute a .aristical tat o(
die nuO hypothc:s.is that the new obactYation wu
drawn rrom the ame distributton u the previous
amples.

ne uniformly mo. aeaarlle upper tolerance
limit lor the Poiaon dimibutton is liven by Zacks
(1970). nc derivation bqins by obcainq the
cumulative probability chat • or more ocaarrcnces
wiU be oblClWd: -r(••,,). I /(:t •• )••••
which can be computed as

P(o.~). p(xl (20.2) > 2,.)

where x' b) desicnatcs a dli10quare random vviable
with '7 de,",ees of (reedom. This reluionship
berween the Poinon and dli10quare distribution
was first described by Harde)' Ind Pearson (J950).
Civen " independent and identicall), dimibutcd
Poisson random variables (i.t., one count per
s:a~ple), the sum

•T•• % %j
i-I

also has I Poisson dimibution.
Substirutin, T. ror ~, we can rand the ",'ue

(or which the cumulative probability is 9~; chat is,

1
K _ CT.). -x'" I2T •• 21
17 2,,'

The 99% upper loleran'ce limit is therefere
('" I,,;K." (T.)I • lcast nonne,u;\'c inleltr j such
thlt .

~ (2j • 21 > 21\.•• (T.)

",·he.rc. is the r~uired conradcnce ~'C,.uy. fS~.
For eumple. irllhe pt~'ious (ield blank datI

let. ""e ot>scr~d 123 deltnions out of 61 VOC
luns; th~rcrorc. T•• IU. and •• 61. The
C'Umulllti\'C9~ probability point is (probabililY
roin" o( the chi-kluart disuib~ion -'Crt obllinc'Cf
lI~in~ the "ei~~., 3nJ Prall arrr()~im31ioft d':k-rilICJ
I,~' ~binJfln:a"f 119~";. 1"#'" l~" I

.. ...-

.«" (12). ffi r~ (2(IU). 21 • :;~ • 2.4.

The h~ upper roJcran« limit is obtained by find.
ine the anaDc:st ftOMqaUvc incqc:r j such thac:

r~ (2j .2) •• 2(2.41)

IftSpt'Ctionor IUndard chi1qU&lCtables (ucraned
bcJow for i·) tG 6) rCYe.&ls that chc waJUCor iWt
.tisr.c. chis CICI\&Itionis S.

i r~ ('i.21
J 2.'1.• I.'.
S '.21. '-',

ncre(orc. chc'"' (0.95. K.., (12)1 upper 101er·
ancc limit is r"'t compounds per JCII\. For crip
blaNu K.., (745)• 1.1'. thcrc!ore •
i» 4 • r~ (10) • J.94 > 2(1.16). and the upper
teleranee limit is rour detected compounds per 1Clft.

Fin&lly. rot uwadicDt VitUsK..,U'J). 2.72. and
the upper tolerancc limit is six compounch per 1Cl.ft;

i,.,r~ (2 (6) • 21 • 6.57. which is &he smaJJca
\'&Jueor i that produces a chi1qU&lc n.luc JrClccr
than 2(2.72).5.44.

Turnin, co the ICcond cue in which the
molecule is chc unit of oblCMtion. we obtain ror
fecld blanks.

. 1K.., (2120). illr~ (2(2120).2) • 16.52

and rand chatj • 445satisraes thc equation

I~ (2(46) • 2) •• 7 J.OS

In this ease, the value or j rtprescnu the toral
"umber of pans per billion detected in an entn
volatile orianic scan, that is, no more than 46 ppb
per scan. The 9~ tolerance limit (or trip blanks
was J2 ppb. and the upper 99% colerance limit for
rhe sample or 29 uPf'adicnr wells was 55 ppb.

2.4. Poinon 'rtdiction Limiu
The previously dcscr~d tolerance limics

provid~ mlen'll estimates that contain I IpCci(tcd
proponion of rhe population of blck,round
tnClsurcmcnrs with a certain Jc~1 of confiden« .•~
IDmtWhal InOrCapprorriale inlCtYlI eltimalc lor
~ purPOR or CroundowatCfmonitor"" is a
prediction limit which lJ)tarlCS an inlen-II
annpurtd (rom" rr",-inus measurcments that d
"'unl~in ~ ("lure ntt'asurc:m,'nh In .hi~ (mlleXl .,,~

.r.-:~..





• prt\·ious mCUurefM'nUarc either a ICrtcs0' Jice·
sr~ci(j( Kan, 'he crir blank and (lead blank
rncuu;emcnu ,cro"ed in Table I. and CM.
(urure measurerntnu re(er 10 the oblel'Ylrions
obc,ined on Ihe nut InOnitorinc C'\"C'ftC I' •
downcr.dient wdls.

eo. and Hinkley (1974, constdcr che ase in
which y has • PoiSion diStribution with mean II.
lfavin, obKrYcd, their ,0.1 is co predict y. which
has a Poisson diaribution with man ~" where
~ is a known conaanc. In the cOntcat 0' cround•
wiler monitorin,., is the number or (Yenn
obK~ in " prn-io.,s IImples. and,· is che
number or evenn obJmlfd in a sincle (uture
sample; therefore. ~. 1/•. Followin, Coa ~
HinL:ky (1974) we dt¥Clop a prediction limit
usin,. as an approlimation. the ract chat che Ie(t
side of:

(
cCy • ,.,), / Icc, .•,.») t

r": O.c) I \'0-,)' <'1--1 .• 1

is approximately I standard normal deviate; there-
fore. the 100(1 -.,,, prediction limit (or y. is
(ormed (rom Student's ,-distribution. Upon IOlvin,
(or y. the upper limit value is (ound as the positive
roor of the quadratic equation:

which after a bit or a"ebra simplirtCsIOmN'hu to:
~c .

r' •9. - «u ",U - l'e). ,"42

for uanlple. apptyin, this equation 10 the number
Of detected field blanks in Table 1 yields, • 12J.
" • 61. and '110 ..• " • 2.)9;there(ore. the 99"
u/"p.:r prc~iClton lin,it is:

123 (2,)9)' 2.)9 ~ __ ---~~
r' • - •-. - vUJU. 61). (2.J9)'/461 2(61) 61 .

• 5.'" d~rectiofts per scan.

WI,,:narplled 10 the:number or dereelN \"Ilu~s lur
"'p hl.lnks. "'C ha\'( ,.76, •• 56.lnd
, H~.•••• • 2.40 "'hich yicldu ".. rrediction lin,it
"f .a!J dnc,cfuns rer Inn. Similarly. ("r
"1'#'JdK-ncwells. "'C ha,'C,. J9J ••• 14\2.and
, ;; ••j "" • 2.IS ,,'hich ~·itIds the 99"r. fWtd icrion
111m:iur th\" nc.·ttsin,k "\cJlUrenteftl of 6 II
."':,,','11"',. ·nK.")C r~"uh~art iJcnl1callu _"".
" ....•• .,•.1\ \'fIIl\~h'" ,,,1\,1.In,,,:lin"'" "'ht\'h \·id.k.'

~..., ••! , .: .••••1" •.t· :·,,·:'II.=!~:•• :: ;;'••

'~.Iftd ':'Wadienl wells. rcs~cti\'Cly.
'urni", 10 the moleC'Vw approach. we "1

simpry .,b.i.nne previously defined values ,. s.
IVCh that wc:obcain (or ftCld'blanks ~ • 2120) •
,,.. upper predtnion limit or .•, ppb per ICU.
(or trip blanks (y • 1260) I ~ upper prediction
limit or J4 ppb per scan. and (or uPeTadimt •• ells
(y. "10) a 9~ uppc'l' prediction limit or s. ppb
pcr Kin. Alain. these prediction limit \'&Iucsarc
eatremely similar10 their COITcspondin, tolennee
limit values or 46ppb. J2 ppb. ud 55 ppb.
rapcctiwcly.

1"hc prmous prediction limns can only be .
used co obtain. limit \'&Iuethlt will include a
.n,le furure IMUUrelMftl. A simple ycr COnJCT\"I'
live approaimate mechod (or obtainine a lirM
\'&Iucthat wiDcontain the MXC , future mcuwe·
menu. where'.is the number or downcradcl
wells. an be obuincd by substitutinc '(It-l,&ltl (c
'1_ -1••1 in the previous equations. This method of
obtaini", prediction intervals is based on lhe
8onfmoni inequality (A' r, 1966) and hu bft"
shown 10 be lltis{aaory lor practical purpolI:I in
computin& nol"lDlIprediction limits by Haha
(1969). Tables 2" provide \'&Iuft or '1--1.e111 loe
previous' sample sizes or •• II to 100 and fUNIC
samples of size 1 &0 100. usin, the alJorithm
provided by Maindonlld (1914).

The method developed ror computinc 'oiuor.
. ,rediaion limiu·.isIpprozimlfe due to fhe
previously descri>ed normality usumptton which
leads to use or Srvdenr's '~istribution. Thea si.
mates should be adequate (or practicat purpolCS.
and their similariry to the uniformly most IC'nItatc
Poisson tolerance limits is suo", support (Of chis
claim. tlact 9~ predictton limits (01 Ihe 'oiuon
distribution do ftOtappear 10 have been published
in the stati.ic:alliterarurc. alrhou,h they may be
obtaiMd ~sin, layesian ntethods lor interval
fttimation (Cunman. 1970).This derivation is .
beyond the KOpt of the present paper. howc¥cr. :
""Or&':onlhis problen' is currently under WI)'.

3. SUMMARY
Volatile oreanit compounds arc d~teatd I!

Iu,,' lco\'Chin Ifip bbnlts. fecld blanks. and dean
up"adieftl ••'CUs.In~niGn ollhe (requeftq·
di"ributions (or th~1Cchrte ICII o( dill dcarh'
""''Cals chc thar,ctcriaic shire or a '"i5IOn di~::.
but ion. In ~Mra •• similar dill (or I lar,~ Uft'r~
oi "'t••·..,adnt wcll. )'ickls I muth dirfnmr'
irt\lu'""\.1· diaril,utiun ••-hid. ap~:af5 In tIC a
r.:i,tu,c IIi I"'It rrl"'C:lIo~'"'K.' n( "'''''~"''\'' hu.
:•. ::< t: h. :!UI.,;."" •••.,·., 1111.,•••;., .I,,,' IIj"'::"'!;
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,-ell., 3nJ • s.tcond ~J~VI(C'Cf eompOntnr J.strillurian
l'htSt int~n','acinlila h.\'C ~n COnstru",cJh:n rroll~lIly r~pre~nrs conraminarion.
bnlh (or Ih~ ablOlur~ number of dClca~J com.In Ihis p.per. inrer,'" ~stimlrc. hi"" been rounds and (Ot rh~i, conccnu.tion. which isIc:ri""d "'hich (I) eOltuin a s~eii~~ prororrion vI
ntC"asurtJ in lerms or 1M IOU' nunlbc, of d~IC\'te:J .he: ";a"'L,,~und n1casurcancnrs wilh • ,n..:" k"\'d vi partl pc' billion pc:rwolatilc orc,nic Ie.n.c,"(iJe:ne~ (i.r.o I lol~rln" Jimit). and (bl ~11o\\'u,

Applicarion or thcK estimares 10 .nual
I) p,,,-J ••., tbe max inlum alJo"'ablf u'uc oi I k'k"S

\'Obrik Gr,anie dill KII rC¥CaIcJICnl.,&;,bh.
II '''lure mC'a~&i'C."",('nuubuinc.1 i",:wI ••~ hf

('ftn,iSl~nl ~Ir,. In rh~ sample ~ficJd M.•~l.;,. ,,'..:no t~..:,11I\\'":r .•,' "-'n! wells, ";I~ .•f nr. •h,· '''':1:: CIt;' .:
tan..' .h;al nu more rh;ln f"'c dc:,.:",,,.•, ,,'um"'u::hh Ul-: ..•. ·.11:, :!:'·..•'::r"·!!"·.H" t~ " . oJ P' .:.~ ...~ ..
• "::1;::'.•.••·:I~I.•re ","mi .•,i"k ..••~ .h.al ll~.:'~"::I!"':

, ..
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o( dC1tCud pans ref binion for rhe Clurt sa.
annot c., 4' rpu. In fenns or rrip blanks. rhe
rnulu an •.. tM:What10,", fi.~.,four ftHnrouNf•
• nd J4 ppb damed per lean) and ",hrly hrcr
(or uWadimc weDs (i.t.,iiI compounds dntaed
per IW'I .t no IftOrt daft. fot.1 o( sa ppb).
Inttrestincly, itwe h.d simply compured normal
JWedicr;on limit. on only those mcalW'aDCftu

thlc were detmed, we would ha"C obtained """

.pper "it \'1'ues around 40 ppb.for .11rhr.
(' , R'I:I. .

1.IdJicion co the mtrhoch oudined laert •
.ltG"l\aCM ••.• 'CCies lit .lso .vailable. N
previoUlly r..aacioned. U'C'I '''' prediC1DIa
inrervals could be dtvtioped usinc IIYcs&a.n
mnhodL Work in rhis .rt. is C'Uncnd)' under ••.
Altern.tiw'Cly, wt milht con.ider cstimara b.~
on. C'CUOredPoislOn distribution (CAthm. 1'5

T••• 2. Velvet ef, f. OItca~ ••• O,..S.,,, 1ft "., ••••••.•••••• t
a.,ifioNf '-""'" Gift" •••••• eu'" s-,.. fA iii.It
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ATTACHMENT GW-1
GROUNDWATER PARAMETER LIST

* References and citations made to specific sections, tables,
figures or other sources which are not included in this
Attachment are available in BFI's revised Post-Closure Permit
application, dated May, 1989 and -is in the Administrative
Record. The Administrative Record _is located at u. S.
Environmental Protection Agency, Region II, Permits
Administration Branch, 26 Federal Plaza, New York, N.Y., 10278
and the Puerto Rico Environmental Quality Board, Santurce,
Puerto Rico, 00910-1488.
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ATTACHMENTG.W.I

Priority PoJlutant Volatile Parameters

Comp0l,lnd

Acrolein
Acrylonitrile
Benzene
bis (Chloromethyl) ether
Bromoform
Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-ChloroethylvinyJ ether
Chloroform
Dichlorobromomethane
Dichlorodifl uoromethane
I.I-Dichloroethane
1.2.Dichloroethane
1.1-Dichloroethy lene
1,2-Dichloropropane
ru-l,3-Dichloropropylene
Ethylbenzene
Methyl bromide
~fethyl chloride
Yethylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,2-Trans-dichloroethy lene
1,1,I-Trichloroethane
1.1,2-Trichloroethane
Trichloroethy lene
Trichlorofl uoromethane
'·inyl Chloride

Priority Pollutant Acid Parameter.

!-Chlorophenol
2,~ Dichlorophenol
2,~Dimethylphenol .
(.6-Dinitro-o-cresoI
2.4-DiniU'ophenol
~Nitrophenol
4-Nitrophenol
~hloro-m-cresol
Pentachlorophenol
Phenol
2.4,6-Trichlorophenol
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Priority Pollutant Base Neutral Parameters
I

Aeenaphthene
A.cenaphthy lene
Anthracene
Senzidine
Senzo(a)anthracene
8enzo(a)pyrene
3,4-Benzof1 uoranthene
Senzo(ghi)perylene
Senzo(k)f1uoranthene .
b:'~(2-Chloroethoxy) methane
l;is (2-Chloroethy)) ether
b"~(2-Chloroisopropy)) ether
bis (2-Ethylhexyl) phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
2-Chloronaphlhalene
4-Chlorophenyl phenyl ether
Chrysene
Dibenzo (a.h) anthracene
1.•2-Dichlorobenzene
1.3-Dichlorobenzene
l.4-Dichlorobenzene
3.3'-Dichlorobenzidine
Diethyl phthalate
Dimethyl phthalate
Di-n-butyl phthalate
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n~tyl phthalate
1.2-Diphenylhydrazine
Fluoranthene
Fluorene
Hexachlorobenzene
H exachlorobutadien
H exachlorocyclopentadiene
Hexachloroethane
bdeno (1,2,3-c,d) pyrene
lsophorone
S aphthaJene
Sitrobenzene
S -Nitrosodimethylamine
S -Nitrosodi-n-propy lamine
S-Nitrosodiphenylamine
Phenanthrene
Pyrene
1.,2,4-Trichlorobenzene

O.W.1-2





Priority Pollutant MetJ;M

Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Mercury (Hg)
Selenium (Se)
Silver (Ag)
Antimony (Sb)
Beryllium (Be)
Copper (Cu)
Zinc (Zn)
Nickel rxn
Thallium (Tl)

Miscellaneous Priority Pollutant Parameter

Total Cyanide

Non-Priority Pollutant Parameters

Specific Conductance (field value) (unfiltered)
Iron Total (filtered) .
pH (field value) (unfiltered)
Temperature (field value) (unfiltered)
Flte ul'Hi"i1ii!i1dael& Cyanide (unfiltered)
pH unfiltered (lab)
Specific Conductance (lab value) (unfiltered)

Subtitle DParameters"

Acetone
Bromochloromethane
Trans- 1,3· Oichloropropene
1,4-Oifluorobenzene
Ethanol
Ethyl methacrylate
4-Bromon uorobenzene
Bromoform
2·Butanone (MEK)
Carbon disulfide
Dibromomethane
Chlorodibromomethane
1,4-Oichloro-2-butane
2-Hexanone
lodomethane
4-Met.hyl-2-pentanone
Styrene
1,2,3- Triehloropropane
Vinyl acetate
Xylene
Barium
Cyanide

·Parameters also may appear on the Priority Pollutant List.
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.. BACKGROUN, N = 16. MEAN = 31.3 <; SO = 17.04 (K=4)
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(" '.i BACKGROV.N N = 16, MEAN = 16.8'•. SD = 22.98 (K=4)
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